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PUBLICATION PROGRAM 


The Illinois State Academy of Science has adopted a quarterly pro- 
gram of publication of its 7’ransactions, beginning with the current 
volume. 

No. 1.—The first quarterly issue of this volume was dated Septem- 
ber, 1930. It consists of reports of officers and committees for 1929- 
1930; minutes of council meetings; memoirs; constitution and by-laws; 
and lists of members, affiliated societies, affiliated high-school science 
clubs, and exchanges. 

No. 2.—The second quarterly issue, dated December, 1930, consists 
of announcements of the meetings of the Academy to be held May 8 
and 9, 1931, at Peoria. 

No. 3.—The present issue, dated March, 1931, is the third of the 
series instead of the second as previously announced (Vol. 23, No. 1, 
p. 4). 

No. 4.—The issue of June, 1931, which is to contain reports of 
officers and committees presented in the May meetings, will complete 
Volume 23. 


H. C. Oesrertine, Editor. 
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PAPERS PRESENTED IN THE GENERAL SESSION 


IXXTRACT FROM THE REPORT OF THE SECRETARY 


The general session of the twenty-third annual meeting of the 
Academy was opened at 9:30 a. m., May 2, 1930, in the auditorium of 
Lincoln Hall, University of Illinois, Urbana. 

An address of welcome by President David Kinley of the Univer- 
sity was followed by a response on behalf of the Academy by its retiring 
president, M. M. Leighton, who then delivered his address on “Some 
Aspects of Human Society in the Light of Geologic Philosophy.” (Pages 
74-87.) 

Dr. Don Deal, of Springfield, then presented the Canti film on 
eaneer cell growth. 

S. A. Greeley, of Chicago, read a paper on “Stream Pollution 
Problems.” (Pages 88-98.) 

A. M. Buswell, of Urbana, read a paper on “A New Source of 
Energy.” (Not submitted for publication in the Transactions. ) 

The attendance at the general session was about 300. 

Section Meetings. The afternoon was taken up by the meetings 
of the various sections of the Academy and by the exhibits of the high- 


school science clubs. 


A. C. Warton, Secretary. 
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SOME ASPECTS OF HUMAN SOCIETY IN THE 
LIGHT OF GEOLOGIC PHILOSOPH Y* 
BY 
M. M. LeicHtTon 


Illinois State Geological Survey, Urbana. 


The advancement of philosophy based on science has been so rapid 
during the past century that there has developed wide divergency be- 
tween the old inherited concepts of the general public and the new con- 
cepts of the scientists. When a scientist listens to a discourse by the 
average layman which borders in any way on the natural world—and 
there are few that do not—he not uncommonly senses a serious weak- 
ness or error in the fundamental concepts, that is a sharp reminder of 
the differences that still exist between the old and the new philosophies. 
Indeed specialization in science has grown to such an extent that one 
specialist listening to another may detect a certain degree of discrepancy 
if the one encroaches too deeply into the field of the other. Every 
speaker or writer on philosophy lays himself open to attack, the present 
speaker not excepted, because of the great breadth of the field of science, 
but the differences between the scientists are usually trivial compared to 
the differences between the scientist and the layman. In the interests of 
the substitution of rational, firmly based conceptions for old, worn-out, 
discarded views, a very definite obligation rests upon mature workers 
in the field of science to set forth the outstanding facts and their im- 
plications. The desire for this on the part of the layman was forcefully 
expressed recently by that master of the pen, H. G. Wells, when he said, 
“If only the scientists would tell us less mumblingly what it is all 
about.” 

There is probably no field of science where there is greater 
illiteracy on the part of the general public than the field of earth history 
and the history of life development. If the facts now known to geologic 
science ever become a part of general knowledge, their acceptance and 
substitution for erroneous views now prevailing will of necessity revolu- 
tionize the prevailing popular conceptions in history, sociology, political 
science, and religion, for they will orient us and give us perspective re- 
garding the past and present of man’s existence and open up some of the 
vistas of the future, which now are closed. 


* Address of the retiring president. 
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THE EARTH AND THE UNIVERSE 

Any philosophy, to be comprehensive, must take cognizance of the 
facts known regarding the nature of the universe. The earth has its 
own particular place in the universe, a place made known to us not by 
human fancy but by the trained mind employing the telescope, the 
spectroscope, and the principles of science. Here it is the third mem- 
ber, so far as known, out from the sun and the sixth from the outer- 
most known planet; revolving in harmony and in approximately the 
same plane as the other planetary children of the sun; having its own 
length of year by reason of its period of revolution, and its own length 
of day, by reason of its period of rotation; possessing a certain mass 
definitely related to the mode of origin of the whole solar system; em- 
braced by an atmosphere of a certain amount and character determined 
by its power to hold or absorb those gases given off by earth processes or 
received from space; moving with the other members of the solar family 
as a composite entity in our galaxy, at the rate of 400,000,000 miles’ 
per year with respect to the stars that are now in its part of the galaxy, 
toward a point in the constellation of Hercules. 

The modern telescope shows our galaxy to possess at least ten 
hundred millions of stars, according to Moulton,? arranged as great 
clouds of suns, thousands of light-years across, as dense globular 
clusters, hundreds of light-years in diameter, as immense open clusters, 
as various types of nebulae, and as individual and multiple stars. “Our 
sun is deep within the galaxy, yet thousands of light-years from its 
center. When a person looks out in the plane of the galaxy, the numer- 
ous stars in the line of his vision make up the Milky Way; when he 
looks at right angles to this plane, the stars are apparently much less 
numerous. . . . Although stars are found moving in every direc- 
tion, there are many great groups, such as the Pleiades, Hyades, and the 
Big Dipper, which drift through space in sensibly parallel lines with 
equal velocities, and there are two opposite directions in which there is 
a tendency for all the nearer stars to stream.” 

This dynamic condition of our galaxy offers opportunity for re- 
peated birth and destruction of solar systems, although the average 
period between birth and destruction—the period during which they 
grow and develop, and come to possess life, which also evolves—is of the 
order of 1,000,000,000,000,000 years, for many successive near ap- 
proaches. This gives us some notion of the possible life-time of our 
planet, and when later we consider its age it will be of interest to note 
the length of the future that seems to lie ahead. 

1Moulton, Forest Ray, chapter on Ca og The Nature of the World 


and of Man, University of Chicago Press, p. 25, 19 
3 Idem. 
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Henry Norris Russell calls attention to the fact that encounters of 
suns Close enough to produce planetary systems may well have hap- 
pened to one star in a thousand, or more, in which case the number of 
planetary systems may run far into the millions. He also points out 
that while not in every such system planets would be found which were 
even potentially habitable, the number of such bodies should neverthe- 
less be large. And then he adds: “Upon how many of them life would 
actually be found is not so easy to estimate. But if life exists in two 
out of three of the possible places in our system, it may well be abund- 
ant elsewhere. All told, the existing evidence indicates that the number 
of worlds in which life is actually to be found within the known universe 
is probably to be counted by thousands, and may be as great as a million. 
In how many of these intelligent life may exist we are hardly able to 
conjecture, but there is no reason for supposing that our world is unique 
even in this respect. Only one characteristic remains by which our sys- 
tem and our world are likely to be distinguished. It is not at all im- 
probable that a world but a few billions of years old may be the youngest 
of all. Indeed, encounters, under present stellar conditions, should be 
so rare that it appears improbable that even one should have have hap- 
pened, anywhere among the stars so recently. However, as Eddington 
puts it, these few billions of years may be ‘the interval between the 
event itself and a direct consequence of this event (viz., the evolution 
of beings capable of speculating about it.” Compared with the inhabi- 
tants of the older worlds, our race may be primitive indeed.”’® 

To be able to detect planets like ours revolving about even the 
nearest of stars will be utterly impossible with telescopes of any size 
dreamed of; and there is no other way known to science by which they 
could be certainly detected. 

Positive evidence was obtained in late 1924 and 1925 that there 
exist other galaxies far distant from ours. The Andromeda nebula, 
instead of being a vast mass of gas lying out among our stars, is now 
recognized as a distant galaxy, so distant that the light from it, which 
makes possible its own photograph, left the galaxy one million years 
ago, about the beginning of the Glacial Period. Since then Man has 
evolved from the primitive state, developed into several major races, 
created and abandoned several civilizations, attained the power to ascer- 
tain a great deal regarding the composition of the universe, and reached 
the ability to read the pre-historic pages of earth history and of life de- 
velopment. This “foreign” galaxy is reported by astronomers to be 
similar to our own in shape and size, and in number of suns. Corres- 
ponding findings have been made of a few other foreign galaxies. 


’“Life in Space and Time,” in Human Biology and Racial Welfare, Paul B 
Hoeber, Inc., Publishers, New York, pp. 30 and 31, 1930. 

















Papers Presented in the Twenty-third Annual Meeting 


Moulton says, “The astonishing fact is not that they are so far away, 
but that they are so near that their distances can be approximately 
measured.””* 

Hundreds of thousands of spiral nebulae are known, ranging in 
size from that of Andromeda down to those at the limits of our most 
powerful telescopes, and it is thought probable that these are all galaxies. 
What lies beyond them remains to be ascertained; this is as far as the 
eye of science can now penetrate, but our imaginations do not cease. 
Bow as we must to the overwhelming aspects of these realities, there is 
the factor of orderliness running through the whole series of phenomena 
which imply great time, elimination of chaotic elements, and relative 
stability. 

THE EartuH As A PLACE OF ABODE 

Life began upon the earth during the long ago, apparently before 
the earth had completed its growth. Various evidences, clearly recog- 
nized and set forth by the late T. C. Chamberlin, the first President of 
the Illinois Academy of Science, indicate that the earth and the other 
planets were thrown out of the sun by tidal convulsions when a foreign 
sun passed within the Roche limit, and in their revolutionary courses 
around the sun swept up the finer materials of the catastrophe and grew 
in mass from small bodies to large bodies. It is not known how small 
the earth was in its nuclear state, but if it were as small as the moon, 
1/81 of the earth, it was too small to retain any atmospheric gases that 
might be available, which is also true of the moon. With growth, how- 
ever, the gravitational control increased and became sufficient to hold an 
initial atmosphere at the Mars stage and increasingly more as the earth 
approached maturity. 

In the meantime the heat of compression and radioactive changes 
within the earth initiated vuleanism, and the earth gave off its voleanic 
gases, some of which, in addition to the gases already obtained by other 
means, were held by the earth’s own power and formed an atmosphere, 
mechanically and chemically active. 

And so the earth from the beginning was a creative earth. It could 
hardly be otherwise in view of the dynamic nature of matter in this 
universe. The old view of inert matter, so completely interwoven into 
the warp and woof of the old philosophy, has not been able to stand the 
light of science and is in a state of advanced decay, leaving nothing to 
bind the old philosophy together. We now know that it is improper to 
speak of a created earth; it is a creative earth, a great laboratory of 
activity, constantly producing something new out of the old, and there- 
fore still creating itself. 





*Idem, p. 27. 
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When the atmosphere became saturated with water vapor, the earth 
received its first baptism and blessing. It was destined to become a 
beautiful earth with land and water bodies, rivers, lakes, and glaciers, 
and, at the same time, a great laboratory of continuous activity and 
achievement. 

But this was not all. There was the promise that the earth would 
become a mother of life, furnishing sustenance with the aid of the sun’s 
energy, and providing stimulating environments during untold gener- 
ations to come, with the possibility that one wondrous result would 
eventually be the attainment of mentality, capable of looking back 
through the ages and recapitulating the steps of development. 

The appearance of life is believed to have taken place before the 
earth had reached its mature growth. Chamberlin was of the opinion 
that it probably appeared when the earth was yet to grow several hun- 
dred miles in radius. 

Within the last one hundred years, the science of geology has 
come into its own. Field investigations, together with the working out 
of rational principles of interpretation and the application of the related 
sciences, have revealed geological changes of unsuspected magnitude and 
in rhythmic order. 

The earth in its development came to have heavy materials beneath 
the oceans and light materials beneath the continents. As a consequence 
there has been periodic rejuvenation of the continents in spite of the 
attack of the oceans. New life environments were periodically created. 
Seas that were previously flooding portions of the continents were with- 
drawn, and the population of shallow-water life was crowded into 
narrow and discontinuous belts with diminished supplies of available 
food and more intensive social combats. The continents were not only 
enlarged, but mountain ranges were folded, the climate became conti- 
nental, the rate of erosion increased, the land waters and the seas be- 
came more turbid, and the clear-water loving forms found themselves in 
new environments. The land life on the other hand was given oppor- 
tunities to expand and to adapt itself to new environments. 

Thus it is seen that there is force to the statement made a few 
moments ago that the earth is creative. Even the very constitution and 
structure of the planet, as well as the nature of matter of which it is 
composed, generate new conditions which have a profound effect upon 
life. If the materials of the earth were inert and perfectly homogeneous 
the oceans and the other erosive agencies would have destroyed the con- 
tinents at an early geological stage, and there would have been no land 
life, no high mentality of consequence. 

















Papers Presented in the Twenty-third Annual Meeting 79 


The high continent is destined to change, during the cycle of ero- 
sion that follows the uplift. Moisture-laden winds, generated by plane- 
tary causes, move over the lands, precipitate snow on the lofty peaks and 
rain on the lower slopes. Glacial action and stream erosion are promptly 
started. Weathering agencies aid in the disintegration of the solid rock 
and prepare it for the wash of rain and movement by wind and gravity. 
Water percolating into the rocks acts chemically upon the underground 
strata wherever it gains access. Degradation proceeds. As time passes 
the mountains, plateaus, and plains are in process of being worn down, 
denuded gradually but inevitably to low-lying plains. The conditions for 
mountain glaciers disappear early in the cycle. Ultimately the topo- 
graphy is that of a peneplain cutting across the roots of the mountains. 
The alpine environment for plants and animals gives way to a plain 
environment. Such a cycle demands millions of years but there are 
numerous examples of such an accomplishment. 

During such a period the rate of adaptation of life to the changing 
environment is determined by the rate of erosion. Comparable experi- 
ments cannot be made in our biological laboratories, but judging from 
the fact that in areas representing different stages of erosion the adapta- 
tion is essentially complete, we know that such changes bring about 
adaptation. 

Another aspect of this cycle deserves mention. The removal of the 
materials from the continents to the seas fills the adjacent basins, raises 
the sea-level and causes the marine waters to overlap the continents. 
The areas for shallow-water marine life are gradually widened, isolated 
shelves are joined, and what were provincial faunas mingle and become 
cosmopolitan. In the later stages of the cycle, any slight lowering of the 
continent will allow the sea to encroach over large areas, as it did again 
and again during the Paleozoic Era over the part of the earth now 
known as Illinois. 

Such are some of the revolutionary changes which have prevailed 
at one time or another during the billion and a half years of the earth’s 
mature stage. The changes have sometimes gone on slowly, sometimes 
comparatively rapidly. These changes have comprised not only con- 
tinental rejuvenation, erosion cycles, and marine invasions, but changes 
in climate, ice invasions, conversion of moist areas into arid. et cetera. 
And all of them have from time to time profoundly altered the earth 
as a place of abode for life. 


THE ProGress oF LIFE 


Let us now summarize the more important events in life develop- 
ment which are so clearly recorded in the succession of rock strata. 
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By Cambrian time, six or seven hundred million years ago, life had 
developed from a unicellular stage to all of the phyla, or important 
groups, of invertebrates. There is no definite record that vertebrates— 
fish, amphibians, reptiles, birds, or mammals—lived at this time. But 
the trilobites, the highest known invertebrates of that day, show an ad- 
vanced development, anatomically and physiologically close to modern 
crustaceans of their kind. The compound system of fixed eyes was al- 
ready well-developed, the facets in these and succeeding forms ranging 
from a score to several thousands. Some had no eyes, while others had 
rudiments, implying that their ancestors once had them but had lost 
them. The trilobites both walked and swam, they possessed antennae, 
and they moulted their shell at successive stages of growth. Had a 
biologist in that period written a text-book of the phyla of the inverte- 
brates, it would apply to the invertebrate phyla of today—so completely 
differentiated were the major anatomical and physiological structures 
then developed: 

The stage of evolution accomplished records the lapse of a great 
amount of time. Biologists believe that the first organism must have 
been more primitive than our simplest living unicellular organisms, 
ultramicroscopic, without a nucleus or superficial envelope, uniformly 
homogeneous, lacking granules, spherules, or chromidia, reproducing by 
fragmentation, capable of synthesizing, and wholly dependent on in- 
organic matter.® 

Its differentiation into forms having the cell nucleus followed later, 
and the divergence into animal cells still later. According to the view of 
Macallum, this variation into animal cells required perhaps millions of 
vears.°® 

The rocks of the earliest geological eras give convincing evidence 
that the earth was tenanted with living things, but one cannot gain a 
very definite idea as to the nature of the life. These rocks have been 
greatly changed by earth movements and metamorphosing processes, and 
the life remains were probably not suited to fossilization. However, 
estimates of the amount of evolution that had been accomplished to 
produce the Cambrian forms, as compared to the total amount of evolu- 
tion that is represented by modern animals place the figure between 60 
and 90 per cent. As stated above, Cambrian strata are roughly 
600,000,000 years old, and the oldest known granites of the Archeozoic 
Group are approximately 1,125,000,000 to 1,500,000,000 years. If life 
began before the earth was fully grown, the period of pre-Cambrian life 
might easily have approached a billion and a half years. 


5Macallum, A. B., chapter on “Evolution Traced Bicchemically,” in Human 
Biology and Racial Warfare, pp. 35-37. 
Idem, p. 45, 
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The animal life record since Cambrian days may be summarized as 
follows: 

1. The vertebrate record begins definitely in the Silurian about 
375,000,000 years ago, when the first true fishes lived. 

2. Lung fishes appeared in the Devonian about 325,000,000 years 
ago, under semi-arid climatic conditions. The development of the organ 
of the lung by which the oxygen of the atmosphere could be utilized 
directly was the first definite promise of the ultimate attainment of high 
mentality. 

3. The amphibians appeared in the Mississippian Period, 
275,000,000 years ago. They were the earliest vertebrates to walk on 
land and this accomplishment predicted the ultimate attainment of high 
mentality. 

4. The reptiles appeared in the Pennsylvanian, about 240,000,000 

years ago and were the first vertebrates able to spend their entire careers 
on land. 
5. The first mammals, of a primitive order, appeared in the 
Triassic about 175,000,000 years ago. They were the first vertebrates to 
be warm-blooded and to nurse their young, but in contrast with all other 
mammalian types they layed eggs. 

6. Birds appeared in the Jurassic about 140,000,000 years ago. 
They were the first vertebrates to wear feathers, but they were not the 
first fliers, as flying reptiles preceded them. 

7. The marsupial division of the mammals appeared during the 
Cretaceous 90,000,000 years ago. They were the first of all vertebrates 
to bear their young alive, but their young are very immaturely developed 
and must be carried in a pouch, as in the case of the opposum. 

8. The placental mammals, the higher form of mammals who bear 
their young in a greater developed condition than the lower mammals, 
appeared in the Cretaceous Period, perhaps 75,000,000 years ago. 

9. The primate stock, to which man belongs began in the Eocene 
Period about 55,000,000 years ago. 

10. The higher primates appeared in the Oligocene, some 
30,000,000 years ago. 

11. The anthropoid apes appeared in the Miocene, some 15,000,- 
000 years ago. 

12. The first man-like creature probably appeared in the Pliocene, 
about 5,000,000 years ago. 

13. Primitive man appeared in the latter part of the Pliocene or 
the early part of the Glacial Period, about 1,000,000 years ago. Races 
were probably developing, blending, and re-developing throughout the 


Glacial Period. 
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14. Modern man appeared in the closing stages of the last glacial 
epoch in Europe, about 25,000 years ago, but there is no record of a 
highly organized civilization. Probably all the present major races 
existed. 

15. The historical period emerged about 6,000 or 7,000 years ago. 
The present major races of men had already developed. The nascent 
races in Europe and America—the Spanish, Italian, French, German, 
English, and Americans,—have developed since. 

From the foregoing it is seen that it required some 300,000,000 
years for the vertebrates to evolve through the fishes, amphibians, 
reptiles, and lower mammals up to the higher placental mammals, 
45,000,000 years more for the higher primates to appear, 15,000,000 
years more for the anthropoid apes, 10,000,000 years more for man-like 
creatures, 4,000,000 years more for primitive man, 1,000,000 years more 
for modern man, 18,000 years more for emergence of our ancient 
civilization, almost that period of time for science to get under way, 
and 100 years for the new philosophy to take form. 


THe BEGINNINGS OF HUMAN SOCIETY 


The first two interglacial epochs were each at least 350,000 years 
long, and the third more than 100,000 years, quite long enough for the 
wide dispersion of man over the Eurasian-African continents. Thus far 
we have no definite record of glacial man in America, but he may have 
been here in restricted areas. The long interglacial epochs also per- 
mitted him to build upon the elemental experiences of each preceding 
generation, although there was the constant handicap of narrow range 
of experience and limited mental concepts. They were pulling them- 
selves up, so to speak, “by their own bootstraps,” with the bootstraps yet 
to be made. 

The size and configuration of the continents were approximately 
what they are today. Mountain ranges, large rivers, deep valleys, in- 
terior seas, and arid lands served as barriers and divided the continents 
into tracts which favored development into races. When we recall the 
degree to which nascent races have developed within the historical 
period in Spain, Italy, France, Germany, England, and even America— 
in even less than 2,000 years—we can appreciate what great differences 
might have developed during the long interglacial epochs. 

During the oncoming of each glacial epoch, in those regions 
affected by the cold and snowfall, migrations were set in motion, races 
were made to mingle, and mixtures developed. There were also the 
factors of new food supplies, new diseases, and changes of old established 
customs and practices, et cetera. In consequence, mental, physical, and 
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social evolution were speeded up. With a change of climate closing the 
glacial stage, another set of changes was stimulated. 

An interesting example is the extinction of the Neanderthal race by 
the invading Cro-Magnon race during the closing stages of the last 
glaciation. Neanderthal men inhabited Europe during the third inter- 
glacial epoch and during the first part of the last glaciation. With the 
change to cold moist conditions, they were compelled to seek the pro- 
tection of the caves and rock shelters where their home life developed. 
A study of the refuse heaps reveals many interesting details—the sort of 
game they hunted, how they made their utensils, their first attempts to 
utilize bone in place of stone, the method of burying their dead, and 
various other facts. Their culture was exceedingly crude, far below that 
which followed. 

With the waning of the glaciation, a new animal fauna appeared 
and also a new race of men, the Cro-Magnon. It is thought that they 
came from somewhere in Asia, where they had attained their develop- 
ment. ‘They were superior to the Neanderthals in stature and cranial 
capacity and became dominant. The variety of their implements and 
ornaments and the remarkable development of their art of engraving, 
painting, and modeling show the great potential ability of this first 
known race of the present modern species. They were still hunters, 
however, without knowledge of domestic plants or animals, without 
pottery, writing, and many other elements of our civilization. 


THE EMERGENCE OF CIVILIZATION 


Cole has well summarized the transition from the paleolithic age to 
the neolithic and modern: 

“With the final retreat of the ice, great changes occurred both in 
flora and fauna. The reindeer, bison, and mammoth disappeared and 
were replaced by deer and other animals typical of the early European 
forest. For man it was a period of transition. He still spent some of his 
time in the caves, but he also made camps in the open. The prevailing 
type of stone work consisted of pygmy flints in geometric forms; bone 
work was represented by crude harpoons and wedges; while the highly 
developed art of Magdelenian times degenerated into crude markings 
on pebbles, or line drawings of human beings, sometimes in groups, 
sometimes on the hunt. In these figures we get the first hint that the 
bow and arrow had come into use and that it was being employed both 
in the chase and in warfare. 

“During this period Cro-Magnon man disappears. Some students 
think he was absorbed or exterminated, while others believe he followed 











a 
84 Transactions of the Illinois State Academy of Science 


the reindeer to the north, there to become merged with such groups as 
the Eskimo. At all events, he vanishes from Europe as a race. 

“It is probable that the ancestors of the present races were begin- 
ning to push into Europe at this time. Apparently they did not come 
as a great invasion but as small bands which penetrated farther and 
farther toward the Atlantic. From the regions to the east of the 
Mediterranean came the ancestors of the Mediterranean race; over the 
lower passes of the Alps came the Alpines; while the Nordics forced 
their way into Scandinavia by following the shores of the Baltic and 
North Seas. 

“The culture of these early comers was very crude; they dwelt along 
the banks of streams and lakes and subsisted chiefly on shellfish and 
game. A study of this refuse reveals much concerning the life of the 
people. We know that at the time of their entrance into Europe they 
were in possession of the bow and arrow and were just beginning to 
make crude pottery. They still made use of the flaked utensils of the 
Paleolithic periods, but in addition they possessed implements, the edges 
of which were ground or polished. Later they came to polish the whole 
surface of their more important utensils, and hence the period has re- 
ceived the name Neolithic, or New Stone age, or Age of Polished Stones. 
The dog appears, first as a camp follower, but soon becomes the con- 
stant companion of man; other domestic animals follow, and soon we 
meet with the first evidences of domestic plants. From then on changes 
are rapid. With domestic plants and animals, man becomes attached to 
a locality. He had something to defend and, in order to preserve his 
holdings, he doubtless was willing to subordinate himself to authority 
and so, apparently, village life developed. Then slowly, the inventions 
of the great nations of antiquity, of Egypt, Crete, Mesopotamia, and 
lands of the East began to penetrate into Europe. First came the 
knowledge of copper, then of bronze, and finally of iron’? 

Civilization seems to have had its birth in the valleys of the Nile 
and of the Euphrates, which were the more favorable regions for early 
modern man. Large populations here developed, and great empires 
flourished prior to 2500 B.C. War and trade brought contacts and 
progress was rapid. Engineering projects were undertaken, writing was 
developed, numerals invented, mathematics developed, and a start made 


in astronomy. What contrast with the stage reached by Cro-Magnon 
man! 


Breasted points out, in his “History of Egypt,” that the Egyptians 
had made a sufficient study of the movements of the heavenly bodies to 


7Fay Cooper Cole, “The Coming of Man,” in The Nature of the World and of 
Man, University of Chicago Press, 1926, pp. 362, 363 
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formulate the calendar of 365 days, and to recognize the need of an 
occasional addition of a day. This “was introduced in B. C. 4241—the 
earliest fixed date in the history of the world as known to us.” 

Wigmore, in “A Panorama of the World’s Legal System,” states 
that the earliest recorded overseas expedition was by an Egyptian King 
in 2900 B.C. 

The Code of Hammurapi, the oldest known of the first dynasty of 
Babylon (2104-2161 B.C.), found on three fragments of a block of 
black diorite at Susa by the French expedition under De Morgan in De- 
cember, 1901, and January, 1902, reveals that the organization of society 
at that time was mature; the code covers regulations for agriculture and 
horticulture, practice of surgery, bankruptcy, partnership, marriage and 
divorce, adoption of children, et cetera. 

Hart, in his “Makers of Science,” points out that Thales of Miletus 
successfully predicted the solar eclipse of May 28, 585 B.C. 

In the Royal Museum at Naples there is reported to be a celestial 
globe dating from about 409 B.C. About 240 B.C. the circumference 
and diameter of the Earth was measured by Eratosthenes, and he at- 
tempted to represent the curved surface of the Earth on a map accord- 
ing to geometrical rules. Crates of Mallos (150 B.C.) endeavored to 
construct a terrestrial globe. 

Osborn states that Empedocles of Agrigentum (495-435 B.C.) 
made the first recorded observations in embryology and suggested the 
thought of evolution. 

Aristotle (384-322 B.C.) gave impetus to the sciences of com- 
parative anatomy, systematic zoology, embryology, botany, and physi- 
ology, besides doing masterly work in logic, metaphysics, rhetoric, 
ethics, poetry, and politics. 

Euclid presented a complete system of elementary geometry about 
300 B.C. 

Archimedes (287-212 B.C.) discovered the principle of the level 
and of the screw. 

These great contributions seem astoundingly early to us, but paper 
and printing had not been invented and parchment was costly. The in- 
vention of linen paper in Central China about 95 A.D. and the exten- 
sion of its use after the seventh century outside of the Chinese Empire, 
and the invention of printing by Gutenberg in 1434 came too late to 
make the early scientific work widely known, and to stimulate further 
work, but these inventions were effective after the fifteenth century. 
“Before the fifteenth century had closed, printing presses were at work 
in every country of Europe.” 
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Belief in the literal resurrection of the physical body prevented the 
study of human anatomy by dissection for 1500 years. 

The freedom of the mind of man, however, could not be eternally 
suppressed, and universities arose in the thirteenth century, beginning as 
guilds of students formed for mutual protection in places favorable for 
study under a famous teacher. Dante aided the movement for popular 
education, and Leonardo de Vinci emphasized experimental methods to 
engineers and investigators. In the fifteenth and sixteenth centuries, 
exploration widened the horizon of man, human dissection broke down 
the barrier of extreme religious views, and the telescope and microscope 
initiated intensive study of the macrocosm and the microcosm. Funda- 
mental laws began to be formulated in the seventeenth century, alchemy 
gave way to chemistry, and in the eighteenth century the interpreta- 
tion of land forms and rock formations began to assume a rational 
aspect. In the nineteenth century man began to perceive that the 
present world was not the product of cataclysms but of orderly events 
during an inconceivably long past. 

Man was prone at first to isolate himself from the geologic story. 
In 1856, when the first complete skeleton of glacial man was found in 
the Neanderthal Valley in Germany, Virchow, the German pathologist, 
pronounced it a monster, a pathological human being. But since then 
more than a score of these burials have been uncovered, and they range 
from children to adult men and women. There is now no question but 
that they represent normal individuals of a distinct species of man. As 
reported by Osborn in his address before the American Association for 
the Advancement of Science last Christmas, fossil human remains of 
over 100 Quaternary individuals have been found, distributed among 
seven species. In consequence of these discoveries it is clear that man 
is the product of the geological development of life. 

By the researches of comparative anatomists, zoologists, embryolo- 
gists, and paleontologists, and by tying in with the stratigraphic record 
as determined by the geologists, there has been revealed the geological 
history of the development of the nervous system of animal forms—the 
rise of consciousness, the increase in mentality, with its highest attain- 
ment in man and the development of the finer sensibilities. 

These advances in science, taken in their entirety, orient us in the 
world of nature; they harmonize phenomena hitherto problematical ; 
they provide a natural basis for the study of both human and animal 
psychology, sociology, and political science; they connect human history 
with geological history and make all history flow in the stream of time; 
and they emphasize the possibilities of future attainment by the human 


race. 
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The earth has been a habitable globe for hundreds of millions of 
years, and it appears likely to remain so for millions of years to come. 

When the people generally understand the nature of the world and 
of man, and are rid of the errors of the old philosophy that is current, 
then haphazard and temporal programs of government and _ social 


agencies for human welfare and advancement will give way to those 
of a more fundamental and effective nature, and religious philosophies 
and rituals will come to be harmonious with the scientific conception of 


the universe, more inspiring than which there is none to seek, because it 
is true! 
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STREAM POLLUTION PROBLEMS 
BY 


SAMUEL A. GREELEY 
Pearse, Greeley 4 Hansen, Hydraulic and Sanitary Engineers, Chicago. 


Stream pollution is not entirely a modern problem. Migratory 
tribes are understood to have chosen their camping sites because of good 
drainage and to have moved their tents when the site became too soiled 
for comfort. Buffalo wallows and water holes where wild animals came 
to drink may have caused some pollution and changed the down-stream 
water from its natural state. Nevertheless, stream pollution as it re- 
quires corrective measures, is a modern problem. 

There are three major factors which have emphasized stream pol- 
lution problems in recent years: 

The first is the water carriage system of sewerage which brings the 
human and industrial sewage of a community to a natural drainage 
channel such as a stream or lake. This is a by-product of the modern 
city where the concentration of population requires the prompt removal 
of decomposable organic wastes. 

The second factor is the more and more extended use of streams for 
water supply, commerce, agriculture, and recreation. Public water sup- 
plies can be protected from moderate pollution by modern purification 
works. But our present day rapid and inexpensive transportation brings 
thousands of campers, bathers and sportsmen to the rivers and lakes for 
recreation; and, for them, a polluted stream may be an unsuspected 
danger difficult to avoid. 

The third factor is the cost of disposing of the so-called pollutional 
substances in sewage and the obvious difficulty of disposing of the waste 
or spent water of a community except by discharging it into a natural 
drainage channel. While the costs of sewage disposal are not by any 
means prohibitive, they are often a serious problem for the municipal 
budget with expenditures limited by statutory restrictions sometimes 
set up before the need of sewage disposal was fully comprehended. 

There is, thus, a conflict between the public interest in the use of 
a natural drainage channel for carrying off its waste water and the old 
common law which insures to a riparian owner the water in “his 
stream” in its natural state (whatever that may be) undiminished and 
unpolluted. 

The relief of stream pollution is accomplished by the construction 
of sewage disposal works which comprise intercepting sewers, sewage 
pumping stations if ground slopes are flat, and treatment works. In the 
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discussions leading to the promotion of a Sanitary Commission, an in- 
tercepting sewer in New York City was spoken of as a “sewer, the prin- 
cipal purpose of which is to provide a new outlet for existing sewers in 
order to permit of the treatment of the sanitary flow.” 

For a layman to understand sewage treatment he must realize 
something of the nature of sewage. From a pollution view-point, the 
more important sewages are the domestic or human sewage and the 
sewage from industries, but there is also rain water run-off and ground 
water infiltration. The polluting substances in sewage are usually chiefly 
organic and occur in part as visible or minutely divided suspended mat- 
ter and in part as matter in solution. This organic matter will putrefy 
in the absence of air, or it will oxidize or nitrify if atmospheric oxygen 
is present. Oxygen and small organisms (bacteria) are believed to ac- 
complish this co-called purification. There are millions of these organ- 
isms in the top soil and in water, at work changing putrescible organic 
matter into plant and animal food. If a housewife on the farm throws 
kitchen slops onto the ground at the rear door the soil organisms will 
assimiliate them up to a certain quantity. If too many slops are thrown 
on one spot of earth, the soil becomes sour and odors result. Thus 
there is a balance between the organisms, the air supply and the food 
or load of organic matter. Ordinarily, in sewage treatment works, the 
first step is to remove the coarser and the settling suspended matter by 
screens or settling tanks, the recovered solids being called screenings 
and sludge. The second step is to feed the remaining organic matter to 
(nitrifying or oxidizing) organisms in the presence of air. These 
organisms may be grown on the surface of filter materials such as sand 
and broken stones; or on particles of activated sludge held in suspension 
by agitating the sewage. The problem is to get the most work out of 
the organisms without overloading them. 

The amount of organic matter, as measured by its demand for 
oxygen, from one human being per 24 hours is about one-fourth of a 
pound. Some industries produce a large organic waste. The sewage 
from the slaughtering of a cow may be at times equal in oxygen demand 
to the daily contribution of sewage from 15 to 25 people. 

The treatment or disposal of human or domestic sewage is not a 
difficult nor an expensive undertaking, but the cost and difficulty are 
often increased by the admixture of industrial wastes sometimes difficult 
to handle and often relatively large in volume and strength. In such 
cities as Milwaukee and Indianapolis the mixed sewage (as measured 
by its oxygen demand) may have a much greater strength per capita of 
the human population than a typical domestic sewage such as that of 
Pasadena. A careful series of sewage gaugings and analyses in the Twin 
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Cities indicated that their mixed sewage had a population equivalent 
about 40% greater than that of the human waste. 

The necessary extent of sewage treatment to protect a drainage 
channel against unreasonable pollution largely influences the cost of 
treatment and this extent depends a good deal upon the characteristics 
of the stream and the uses to which its water is put. To remove the 
settling solids from sewage by sedimentation entails a first cost of per- 
haps one-third to one-half the cost of so-called complete treatment by 
which the pollution power of the sewage (as measured by its oxygen 
demand) is reduced some 90%. ‘lo carry complete treatment beyond 
the 90% stage to somewhere approaching drinking water standards is 
still more costly and has seldom, if ever, been undertaken. 

Stream pollution problems should, therefore, be approached with 
three general considerations in mind: (1) the standard of stream 
cleanliness to be attained; (2) the views of the courts as these throw 
light on standards of stream cleanliness; (3) the available corrective 
measures comprising the various types of sewage treatment works. 


A. STANDARDS OF STREAM CLEANLINESS 


Desirable standards of stream cleanliness depend in large measure 
upon the use which is made of the stream and the balance between the 
damage from pollution and the cost of corrective measures. The more 
obvious yard-sticks for stream cleanliness may be noted as follows: 

a/ The natural state. 

b/ The drinking water standard. 

c/ The preservation of fish. 

d/ Safety for agricultural use as stock watering and irrigation. 
e/ The use of water by industry. 

f/ The recreational standard. 

g/ Freedom from nuisance. 

h/ The use of water by commerce (navigation). 

* The natural state of a stream has been considered as its state prior 
to the changes resulting from civilization. The early expositions of the 
common law state that a “stream shall be unchanged and undiminished.” 
This is a definition by differences and not a description of an original 
condition. The discharge of a relatively completely treated effluent into 
a stream somewhat alters its condition. Thus the balance between 
change, damage resulting from the change, use and the cost of corrective 
measures becomes pertinent. 

Standards of stream cleanliness, especially with reference to the 
pollution from industrial sewages, have received much attention in Eng- 
land lately and have been debated in the House of Commons. The 
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official report of parliamentary debates in the House of Lords for July 
18, 1927, and the report of the interview with the Earl of Balfour of 
the “Joint Committee of the British Water-works Association and the 
Salmon and Trout Association” as regards stream pollution show very 
clearly the widespread public interest in England in the treatment of 
sewage and in the balance between industrial growth and the installation 
of sewage treatment works for the abatement of stream pollution. Lord 
Balfour is reported as saying: 

“The scientific problem is not only one of extreme difficulty but it is 
one of extreme variety. Sewage (human) is a relatively simple and uniform 
problem * * * but when you come to manufacturers, each separate kind 
produces its own separate evil. * * * There undoubtedly my right hon- 
orable friend is met with one set of clients who say ‘you are polluting my 
rivers,’ and, if he does not pollute the rivers, by another set who say ‘you 
are not helping the industry of the country.’ I am therefore convinced that 
we must promote scientific research.” 

To this Lord Mildmay replied: 

“We of the Permanent Departmental Pollutions Committee feel strongly 
that our research work * * * has reached such a stage that the time 
has come for our effort to apply the result. * * *” 

The result of this debate was the establishment of the Rivers Pollu- 
tion Research Board (1928) to study and stimulate measures for abating 
stream pollution. 

The Metropolitan Drainage Commission of Minneapolis and St. 
Paul, in a very thorough report on the pollution of the Mississippi River, 
recently stated that, to prevent nuisance in the Mississippi River below 
the Twin Cities, it is considered advisable to provide sufficient sewage 
treatment to maintain an average dissolved oxygen content of not less 
than two, and to preserve fish life, of not less than four parts per million 
during normal low water periods not persisting for more than about ten 
per cent of the time. 

The description of streams in Pennsylvania by the Sanitary Water 
Board on the basis of permissible pollution is well known. The streams 
of the State are grouped into three classes as follows: 


RELATIVELY CLEAN AND PuRE STREAMS 


Crass “A” 


Streams in their natural state probably subject to chance contam- 
ination by human beings but unpolluted or uncontaminated from any 
artificial source, hence generally fit for domestic water supply after 
chlorination, will support fish life and may be safely used for recrea- 
tional purposes. 
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STREAMS IN WHICH POLLUTION SHALL BE CONTROLLED 
Cuiass “B” 

Streams more or less polluted, where the extent of regulation, con- 
trol, or elimination of pollution will be determined by a consideration 
of (a) The present and probable future use and condition of the stream; 
(b) The practicability of remedial measures for abatement of pollution, 
and (c) The general interests of the public through the protection of 
the public health, the health of animals, fish and aquatic life, and the 
use of the stream for recreational purposes. 

Crass “C” 

Streams now so polluted that they cannot be used as sources of 
public water supplies, will not support fish life and are not used for 
recreational purposes and also from the standpoint of the public in- 
terests and practicability it is not now necessary, economical or 
advisable to attempt to restore them to a clean condition. 


B. Court Cases AND OPINIONS 

The litigation on stream pollution problems before the courts 
throughout the United States is resulting in a very large number of 
decisions, in which as yet it is most difficult to distinguish the trend. 
An important digest of court decisions with reference to stream pollu- 
tion was published in 1917 by the U. 8. Public Health Service as Bui- 
letin No. 87; and Volume 46 of American Law Reports, reviews deci- 
sions into 1926. The recently published reports by Charles Evans 
Hughes and John W. Davis on the right of New York City to divert a 
large quantity of Delaware River water to New York City for water 
supply purposes are of marked interest. 

Mr. Hughes predicated his opinion on reservations that the 
project will comply with necessary requirements of both the state and 
city of New York; that questions of navigation will be left to the United 
States Government and that compensation will be made for all damages 
due to the contemplated taking. With these reservations Mr. Hughes 
summed up his conclusions as follows: 

“But if it were found that the diversion according to the proposed plan 
could be made with restrictions and conditions which would adequately pro- 
tect the interests of the complaining States, upon the basis of an equitable 
division of the waters in question with reference to the aggregate interests 
of each of the three States, respectively, and subject to the payment of com- 
pensation for such damages as might be suffered by individuals, I am of 
the opinion that the diversion should not be enjoined and that the relief 
to the complaining States should be limited to the definition and enforce- 
ment of restrictions and conditions prescribed for the above purposes.” 

No general summary of court decisions can be made, but reference 
to a few outstanding cases is of interest. 


‘Two important cases frequently quoted are the Sanderson case and 
the Indian Creek case in Pennsylvania, both relating to stream pollu- 
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tion by coal mine wastes. (See U. S. Supreme Court Decision No. 792— 
October Term—1924, Sagamore Coal Co., et al., Petitioners, vs. Moun- 
tain Water Supply Co., et al., Respondents.) 

The court held in the Sanderson case that the drainage flowing 
from a coal mine was natural inasmuch as it consists of rain water 
falling on the surface of the earth, finding its way through the soil 
or crevices, coming in contact with iron pyrites and oxygen, thereby 
becoming acid and in that state flowing out of the mine into a stream. 

It appears that the court held also that the development of that 
great natural resource, to-wit: anthracite coal, was of greater value to 
the Commonwealth than was the private interest of Sanderson as a 
riparian owner. 

Sanderson, however, did not pray for damages but for injunction 
which the court refused to grant. 

The Indian Creek decision was on different lines. The water of 
Indian Creek impounded in a reservoir was being used for steam raising 
purposes in locomotives extensively engaged in interstate traffic and also 
as a source of public water supply in 13 municipalities serving 75,000 
citizens. 

In this case the Supreme Court of the State overturned the decision 
of the lower court and ordered that injunction be issued, presumably on 
the ground that the use of the water of Indian Creek was a public one 
and of greater value to the Commonwealth than was the mining of the 
coal in the basin of Indian Creek. The result of the injunction was that 
under the court order the sheriff sealed certain of the defendant coal 
companies mines. 

The pollution of the River Raisin in Michigan by paper mill wastes 
was reviewed by the Supreme Court of Michigan. The complaint was 
brought by the Monroe Carp Pond Company which caught and shipped 
fish. The State Supreme Court decided as follows: 

“While plaintiff’s business, if operated without the loss incident to the 
pollution of the stream by the defendants and the city, would doubtless 
prove a profitable one, we can not but agree with the trial court ‘That the 
equities in this case would be against granting a permanent injunction.’ 
It is apparent that the plaintiff may be recompensed for such loss as it will 
sustain by a denial of such relief. It is also apparent that the granting of 
it will work a great injury, entirely disproportionate to that sustained by 
plaintiff, upon the defendants, and that it will also seriously affect the pros- 
perity of the city.” 

It is understood that damages were paid by the paper companies to 
the fishermen. 

An interesting case was recently reviewed by the Appellate Court 
of Indiana (City of Frankfort vs. Jay D. Slipher). The city of Frank- 
fort was discharging crude sewage into the South Fork of Wild Cat 
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Creek. The plaintiff sued for damages which were granted by the lower 
court and affirmed by the appellate court as follows: 

“Under the facts as found by the Court, public necessity did not call for 
or require the pollution of the water of either Prairie Creek or South Fork, 
and since appellant by the expenditure of a reasonable sum of money could 
have adopted a method of purifying the sewage, the judgment should be 
affirmed.” 

In discussing stream pollution problems, reference is often made 
to “non-actionable nuisances.” There is an interesting decision on this 
subject by the United States Cireuit Court of Appeals. It was held in 
St. Anthony of Padua Roman Catholic Church vs. Pennsylvania R. R. 
Co. (207 Federal Report 897, Lawyer’s Reports annotated 1915, E. 623), 
that: 

“The consequential, incidental and unavoidable annoyance or damage re- 
sulting to the occupiers of land adjacent to a duly authorized railroad, from 


its non-negligent and careful operation, does not constitute an actionable 
nuisance”; also 


“The injury to property abutting on a duly authorized railroad track 
by smoke and cinders due to a non-negligent operation of the road, is not a 
taking of property for which compensation must be made.” 

An interesting view of stream pollution was stated by Master-in- 
Chancery R. B. Mason in his report upon the case of Barrington Hills 
Country Club vs. Village of Barrington. The village of Barrington, 
with a combined system of sewers, had installed a sewage treatment 
plant comprising Imhoff tanks and sprinkling filters to treat the dry 
weather sewage flow and the first run-off during storms. The effluent 
and overflow was discharged into Flint Creek, a relatively small stream 
with practically no natural flow (at times) in dry weather and receiving 
the drainage of barnyards, farm buildings, manured fields, and the like. 
Below Barrington the creek passes through the country club and other 
highly developed residential properties. Mr. Mason recommended that 
the village be permanently enjoined from discharging any sewage or the 
effluent of any sewage treatment plant into Flint Creek above the prop- 
erties of the complainants. The court has never passed on the report of 
the master and the case has been transferred to another jurisdiction. 

If it be assumed for present consideration that clear water in a 
stream is a type of property in which riparian land owners have certain 
rights or easements which cannot be taken or impaired without due com- 
pensation, then municipalities and industries should so treat or purify 
their sewage that the cleanliness of the stream is not unreasonably 
impaired as measured by the residual damage for which compensation 


is due in return for the use of the stream for carrying off the sewage 
works effluent. 
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C. CorRECTIVE MEASURES 





The population and industrial sewages, with the quantity and char- 
acter of sewage, determine the load of pollution upon a stream. The 
characteristics of a stream, its volume, velocity, and uniformity of flow, 
and the uses to which its water is put, determine the capacity of the 
stream to purify sewage or sewage effluents by natural processes. To 
balance these two factors, corrective measures are generally required, 
and these comprise sewage treatment works. 

Briefly, the polluting matter in sewage may be classed as solids in 
suspension and solids in solution, the major polluting elements in both 
usually being organic. The object of sewage treatment in an advanced 
degree is to remove the coarser or settling suspended solids, converting 
them into a nuisance-free humus or sludge and to then nitrify or oxidize 
the putrescible organic matter in solution, converting it into nitrate- 
food for small plants and animals and producing what is sometimes 
termed a stable non-putrescible effluent. Disease-producing bacteria may 
be largely removed with a disinfectant such as liquid chlorine. A variety 
of structures have been devised to accomplish these results. 

Many kinds of screens are in operation, some fine mesh mechanically 
cleaned and others coarse and cleaned by hand. The sedimentation 
process often comprises two main parts. The first is a settling com- 
partment providing quiescent flow for an hour or more, while the set- 
tling suspended solids fall to the bottom of the tank or compartment. 
The second is a sludge digestion tank or compartment in which the 
suspended solids removed in the settling tank are held for several weeks 
or months (depending on the temperature and other environmental 
factors). When the sludge compartment is built below the settling 
compartment a deep two-story, or Imhoff, tank results. If the sludge 
compartment is built along side of, or separate from, the settling com- 
partment, a so-called separate sludge digestion plant is the result. 

Sedimentation may reduce the polluting strength or oxygen demand 
of sewage about 25 to 35 per cent, depending on many local factors. The 
sludge after thorough digestion and air drying on open beds is free 
from objectionable odor, is spadeable and contains, in some cases, up- 
wards of 2 per cent of nitrogen. The effluent from a settling tank is in 
general clearer than the raw sewage and free from coarse particles. 

When required, the solids in solution are treated (or purified) by 
some form of filter or by aeration with previously activated sludge. 
Both processes are believed to depend on small organisms, working on 
the organic matter in the sewage in the presence of atmospheric oxygen. 
The process is bio-chemical in that chemical changes are produced by 
bidogical action. Filter beds of coarse stone, 6 to 10 feet deep, are in 
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Fig. 1. Trickling Filters at Elgin, Illinois. 


The effluent goes to the Fox River. 











Fic. 2. North Side Plant in Chicago. 


Aeration tanks in right background. The effluent goes to the drainage 
canal. (Courtesy of Chicago Aerial Survey Co.) 
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Fig. 3. Plant on Lake Michigan at Highland Park, Illinois. 


Sludge beds in left foreground, settling tanks in center, chlorination 
house at right. The effluent goes to the lake. 

















Fic. 4. Sludge Digestion Tanks (right) and Sludge Beds (left) at 
Springfield, Illinois. The effluent goes to the Sangamon River. 
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general use, as well as sand filters and other types having a long record 
of useful service. Aeration is accomplished by blowing air into the 
sewage at the bottom of a tank or by violently agitating the surface of 
the sewage; and in both cases returning previously aerated sludge from 
the final settling tanks up to from 20 to 60 per cent by volume of the 
sewage itself. 

So-called complete treatment by filtration or aeration reduces the 
polluting strength or oxygen demand of the sewage so that the residual 
is only about 10 per cent of that originally present. The effluent should 
contain few visible finely divided solids and be relatively clear. A glass 
of effluent should stand at room temperature for two or three weeks 
without odor. Although sprinkling filters are older than activated sludge 
plants, having been in service in this country for over twenty years, 
there are many examples of both kinds in successful operation. 

There are sufficient data in the hands of competent designers experi- 
enced in the operation of sewage treatment works to permit their con- 
struction with security. The design must, in each ease, fit the local con- 
ditions ; and careful, intelligent study should be afforded to each project. 
In addition to this fundamental work, however, the effort of experienced 
sanitary engineers is being directed more and more to reduction in costs, 
compactness of design, the control of odors and to simplicity of opera- 
tion. The development of heated sludge digestion tanks has introduced 
a new factor in control of digestion. A gradual reduction of power costs 
in aeration plants is occurring. The trapping and use or disposal of 
sludge gas permits better control of odors and may produce some revenue 
from the power value of the gas. The use of sludge for fertilizer is in- 
creasing. Competent design makes use of such available advances along 
reasonably conservative lines; and programs for construction and financ- 
ing should be oriented somewhat to this situation. As experience is con- 
tributed on one special problem or another from widely separated points 
(as Plainfield, N. J., Decatur, Ills., or Houston, Texas) the sanitary 
engineer has a large task requiring a country-wide contact and view. 

In the more built-up sections of the United States there are few 
streams not requiring some degree of sewage treatment. In justice to 
the stream users and to riparian owners, the installation of such works 
should be hastened. But each situation calls for careful investigation 
and the exercise of trained judgment, so that a sound and rational solu- 
tion of the stream pollution problem may be secured. 
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PAPERS IN BOTANY 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


All papers herein published were presented in person by the 
authors except the following, which were read by title: 

“A Study of Some Vegetable Rots Occurring in Evanston 
Markets,” by Marion L. Dawson, Northwestern University. 

“The Ligneous Flora of Lawrence County,” by S. H. Eaton. 

The largest number in attendance at any one time was 65. About 
80 persons attended for longer or shorter periods. 

No chairman for 1931 was elected. 

RayMonD KiENHOLZ, Chairman. 
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THE INFLUENCE OF SOIL TREATMENT UPON THE 
QUALITY OF WINTER WHEAT 
BY 
C. J. Bapcer anp H. J. Sniper 


University of Illinois, Urbana. 


Wheat, like other farm produce, is sold upon the market on the 
basis of quality. The factors which constitute quality in wheat may be 
readily determined, but whether these factors may be dealt with in such 
a manner as to materially alter the quality is a more or less controversial 
question. 

The outstanding factor in quality, as suggested by Neidig®®, is 
protein content. Schollenberger’ and Mangels* point out that wheat 
kernels of the dark type are the highest in protein content and otherwise 
of higher quality than the light kernels. Davidson® states that protein 
content is one of the constituents of quality along with flinty grain and 
color of berry. Thatcher*®, reporting on soft red winter wheat, defines 
quality briefly as “the specific physical and chemical structure which 
will best enable the wheat to meet its consumption demands.” Throck- 
morton’® concludes that weight per bushel and protein content are the 
determining quality factors in wheat grown in Kansas. 

The value of quality in hard red spring and winter wheat is best 
illustrated by Coleman’, who states, “It has not been uncommon for 
grain firms to pay a premium of 5 to 20 cents per bushel over the pre- 
vailing options for wheat containing a high percentage of protein.” He 
states further, “On certain occasions when the supply of high protein 
wheat has been less than the demand, premiums of as much as a cent 
have been paid for each added tenth of one per cent protein over a given 
basic amount.” This fact is an argument in favor of securing a wheat 
high in protein, in consideration of the conditions which may exist in 
the hard red wheat markets. 

The ultimate value of wheat and the flour made therefrom appears 
in its baking qualities. The baking qualities, as pointed out by Cole- 
man’, dealing with the hard wheat, are dependent upon the gluten pro- 
tein present in the grain, and there is a fairly definite ratio between the 
crude protein and the gluten protein of wheat. Thatcher® points out 
that for the soft red winter wheat section the quality of the gluten is 
more important than the amount. 

The test weight per bushel alone is very commonly used as an index 
for quality in wheat. Schollenberger* showed that a 62-pound soft red 


1-10 References are given on page 103. 
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winter wheat yielded approximately 72 per cent of flour, while a 54- 
pound wheat yielded 66 per cent of flour. He also found that on the 
average the test weight decreased with an increase in protein content. 
Thatcher® reported similar results with this type of wheat. Bailey’, 
working with hard spring wheat, stated that there was no significant 
correlation between weight per bushel and crude protein content. The 
results of these investigations indicate an apparent difference between 
soft red and hard red wheat in the test weight and protein content as 
quality factors. 

The effects of various systems of soil treatment on the quality of 
wheat from two experiment fields are reported in the accompanying 
tabulation. This wheat was produced in 1929 on each of the fields. The 


COMPARISON OF PROTEIN CONTENT, TEST WEIGHT, AND YIELD OF 
WHEAT FROM TWO EXPERIMENT FIELDS. 
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Hartsburg field, located in Logan County, represents a very fertile type 
of soil known as black clay loam (Grundy clay loam). The Toledo field, 
located in Cumberland County, represents a type of soil known as gray 
silt loam on tight clay. The relative productiveness of these two soil 
types may be judged by the acre yields reported in the table. The two 
fields are located sufficiently near together in the central part of the 
State so that there was no great variation in climatic conditions. A 
Turkey strain of wheat was used on the Hartsburg field, and a variety 
known as Fulhio was used on the Toledo field. In this locality these 
varieties may be classed as soft red winter wheat. 
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The data from the Hartsburg field showed no consistent correlation 
between protein content and the various forms of soil treatment. The 
results from the Toledo field showed rather good correlation between 
protein content of the wheat and the treatment of the soil; that is, the 
better the fertilization of the soil, the more protein the wheat contained. 
This indicates that soil type is a factor in obtaining a better quality of 
wheat by means of added fertility to the soil. 

On the Hartsburg field some of the untreated plots showed a higher 
percentage of protein than did some ef the highly fertilized plots. Plot 4. 
treated with manure, lime, and rock phosphate, had 10.43 per cent pro- 
tein and an acre yield of 27.2 bushels, as compared to 11.91 per cent 
protein and an acre yield of 19.9 bushels on plot 5, which was entirely 
unfertilized. This negative correlation between yield and percentage 
protein illustrates the point brought out by Davidson* that the effective- 
ness of nitrates in increasing the protein content of the grain increases 
as their effectiveness in increasing the yield decreases. Plot 4, as indi- 
cated in the table, contained in the soil at harvest time almost twice as 
much nitrate as did plot 5. 

The wheat grown on plots 7 and 8, which were treated respectively 
with residues-lime and residues-lime-rock phosphate, showed higher per- 
centage of protein than that grown on plots 3 and 4, which were treated 
similarly except that manure was used instead of crop residues. In the 
residue treatment the nitrate is supplied largely by sweet clover, and 
the results indicate that this form of organie matter probably furnishes 
a supply of nitrate which is more uniformly distributed throughout the 
growing and grain-forming period of the wheat plant. This point is 
illustrated by some of Davidson’s results indicating that the nearer 
heading time the wheat has a supply of available nitrate, the higher the 
percentage of protein. 

On both fields there was a decline in the percentage of protein 
when potash was used in the plan of soil treatment. On the Hartsburg 
field the decline in percentage protein was sufficiently large to be sig- 
nificant. On the Toledo field the large increase in bushels per acre, 
as compared to adjoining plots, might account for the apparent deficiency 
in percentage of protein. 

The column headed “soil nitrate” in the table indicates the pounds 
per acre of nitrogen as nitrate found in the soil at harvest time. On each 
of the fields this showed considerable correlation with soil treatment and 
acre yield. 

The test weight per bushel showed no correlation with soil treat- 
ment, percentage protein, or bushels per acre. On the Hartsburg field 
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the test weight was relatively low and the percentage protein was rel- 
atively high, while on the Toledo field the reverse was true. This is in 
accord with the work of Schollenberger*‘, who reported that the test 
weight decreased with an increase in protein content. 


SUMMARY 


1. On the more productive land represented by the Hartsburg field. 
the added fertility treatment failed to show any consistent beneficial in- 
fluence on the quality of wheat as expressed by protein content and test 
weight per bushel. 

2. On the light-colored soils represented by the Toledo field, there 
is indication that the added fertility treatment had a beneficial influence 
upon the quality of wheat as expressed by percentage protein but not as 
expressed by test weight per bushel. 

3. The residue treatment represented by plots 7 and 8 on each of 
the fields showed its ability in this particular combination of fertility 
treatment to produce the highest percentage of protein in the series of 
plots. 

4. A comparison of the results from the two fields showed a 
negative correlation between test weight per bushel and percentage 
protein. 
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GRASSES OF CHAMPAIGN COUNTY, ILLINOIS 
BY 
EK. R. Bocguscn anp EtHet E. MoiBy 
University of Illinois, Urbana. 

Grasses are usually considered as a difficult group of plants, even 
by many botanists. The present paper, therefore, is an attempt to 
gather together such information concerning the grasses of the region 
around Champaign and Urbana as will make identification easier. No 
effort is made, however, to do away with the more inclusive manuals 
covering or including this locality, and it will be found, no doubt, that 
the list of grasses is by no means complete. 

In the arrangement of the tribes within the family and of the 
genera within each tribe, the aim is to follow the concept established by 
Professor A. 8. Hitchcock of the United States Department of Agri- 
culture. Other than notes on habitat and time of flowering, no attempt 
has been made to describe the separate species. 

The collection of grasses in the University of Illinois Herbarium 
has served as a basis for this study, and this has in a few places been 
supplemented by other information. The authors’ hope is that this be- 
ginning will serve as a stimulus for further studies aiming at complete- 
ness for the locality. 

Practically no true native prairie remains within the limits of 
Champaign County. Such remnants as may be found are almost entirely 
included within railroad rights of way. In most cases these are a return 
to a native condition, modified by periodical burning, rather than a 
preservation of true prairie. It is here that our prairie grasses are still 
able to exist. 

University Woods, east of Urbana, includes a piece of natural 
timber in which shade and woodland species are still to be found. A 
similar condition obtains in Brownfield Woods, now controlled by the 
Izaak Walton League. 

Certain native grasses have withstood the pressure of civilization 
and cultivation by being able to thrive in broken ground and lawns. 
These were originally of a seral type, inhabiting disturbed areas that had 
been changed by wind, water, and other natural causes. A few species 
are typically aquatic and are confined to streams, ponds, and roadside 
ditches. The remainder of the seral types are introduced species that 
have escaped from cultivation or are adventive. 

In the minds of the authors, it would be a splendid thing were 
there set aside an area of limited size in which true prairie conditions 














could be simulated. Such an area would serve as an aid to research in 





Papers Presented in the Twenty-third Annual Meeting 105 


the study of prairie vegetation in a way comparable to some extent to 
that in which the primitive areas of forest serve the purpose of research 
in the United States Forest Service. 


POACEAE THE Grass FAMILY 


Flowers perfect, rarely unisexual; stamens 1 to 6, usually 3, with 
delicate filaments and 2-celled anthers; pistil compound, with a 1-celled 
1-ovuled ovary, with 2, rarely 1 or 3, styles, and usually plumose stig- 
mas; fruit a caryopsis with starchy endosperm and a small embryo at 
the base on the side opposite the hilum. 


KEY TO THE TRIBES 


Spikelets more or less laterally compressed... ..........ccecceeeeucceees POATAE 
Spikelets in two rows on one side of a continuous rachis, terminal florets 
ee SINS cc ccucewekenecsrccecs bacdes kdddous TRIBE V. CHLORIDEAE 
— not in rows, or if so on opposite sides of a continuous or articulate 
rachis 
Spikelets on opposite sides of the rachis................... TRIBE II. HORDEAE 
Spikelets in panicles, these sometimes close 
Glumes as large as or exceeding the spikelets.......... TRIBE III. AVENEAE 
Glumes not as large as the spikelets 
Glumes extremely reduced or lacking................ TRIBE VII. ORYZEAE 
Glumes present, not reduced 
Sr I yd ak cis bos ec eda we eudeceves ts TRIBE I. FESTUCEAE 


Spikelets 1-flowered 
Sterile or staminate florets below the fertile floret.............. 
cS ea S ACARD OS MS oe the emmbads ckeees TRIBE VI. PHALARIDEAE 
Sterile or staminate florets, if present, above the fertile florets. . 
RS TE PE Pee Fen re re a ie TRIBE IV. AGROSTIDEAE 
Spikelets more or less dorsally compressed Day ao Wek 6 ee ale ed ee ale -PANICATAE 
Spikelets single at each node, never in pairs, or if so both perfect canter adie 
5666S eobOS ee EPOEEGAOhE 6 CEEUDEOE 66-0465.0464048 RR RN C8 Om TRIBE VIII. PANICEAE 
Spikelets in pairs at each node, one sessile and perfect, the other pedicellate 
ee | Perr rer TRIBE IX. ANDROPOGONEAE 


TriseE I. FESTUCEAE 


Spikelets more than 1-flowered, usually several-flowered, in open, narrow, 
or sometimes spikelike panicles; lemmas awnless or awned from the tip, 
rarely from between the teeth of a bifid apex; rachilla usually disarticu- 
lating above the glumes and between the florets. 


KEY TO THE GENERA 


Lemmas awned 


ey See es ON  ., . . on nn 5a d 6G ORES Obes Cee ceeeet casa 1. Bromus 
Lemmas acute, or if toothed, the teeth very small.................. 2. Festuca 
Lemmas awnless 
es Se ID GO Ts on oc cdc ccicccccseesvescecceds 7. Phragmites 
Rachilla glabrous or at least not silky 
ee Se OU OD I gi ca dee cae deeb sone dea sles Shin ciws 8. Dactylis 
Glumes not as above 
8 5 eb aa hc aks e eR DR ELARCA CT eee ewes 3. Panicularia 
Glumes several nerved, the first 1-3 nerved, the second 3-5 nerved 
Lemma and palea widely spreading at maturity................ 6. Diarina 


Lemma and palea not spreading 
Lemmas acute 
NE eer es Terre reer rer Cee eS el 
DI BINGO | oo 66.4.0 66.00.6506 6 CUA ede warcedueKecncioncéiaged 4. Poa 
eee ee eee eee ; Bromus 
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Annuals or biennials; blades 4-6 mm. wide 
Lemma broadly elliptical; awn wanting or not over 1 cm. long...1. B. secalinus 
Rape, ROTO =  GUGE 1 GR. BORE. 2 oc vcecececccssecebiccad 2. B. tectorum 

Perennials; blades 8-12 mm. wide 

Lemma smooth on the back, ciliate-pubescent along the margins...3. B. ciliatus 

Lemma evenly pubescent all over... ..... ccc cscs ccccvcccccsecs 4. B. purgans 


Bromus L. 





1. Bromus secalinis Tu. Cheat; Chess. 
Awn short, less than 1 cm. long. Plants 6-8 dm. tall, rarely more. 
Spikelets 8-10 mm. wide. Blades 5-6 mm. wide. Summer. Road- 
sides, open fields, and meadows. 


2. Bromus tectorum L. Downy Brome Grass. 
Plants 2-6 dm. tall. Spikelets with long awn 1-1.5 cm. arising from 
between two scarious teeth. Spikelets 2-3 mm. wide. Blades 4-5 
mm. wide. Abundant along railroad rights of way in spring. 


3. Bromus ciliatus L. Fringed Brome Grass. 
Plants 6-9 dm. tall. Spikelets loosely arranged. Rich woods, some- 
times thick along the border. Summer. 


4. Bromus purgans L. 
Plants similar in size to B. ciliatus. Dry woods and somewhat open 
places. Summer. 


2. Festuca L. 


Stamen usually 1; annuals or biennials.............ccccceccccccess 1. F. octoflora 
Stamens 3; perennials 
Leaves involute; lemma awl-shaped, awned or pointed............. 2. F. ovina 


Leaves flat 
Lemma 5-7 mm. long; panicle narrow, with short erect branches. .3. F. elatior 
Lemma 4-4.5 mm. long; panicle with long spreading or ascending branches 


rr re i Ci Ce. con cnst ences weep ene s Veeeme we 6 4. F. shortii 
GD. TE, I wc i crews ebccvewenudende Gueeeaine sc cae ite ee 
1. Festuca octoflora Walt. Slender Fescue. 


Open roadsides and railroad right of way and waste places. Spring 
to early summer. 


2. Festuca ovina lL. Sheep’s Fescue. 
Creek banks, railroad rights of way and waste places. Late spring 
and early summer. 
3. Festuca elatior WL. Tall or Meadow Fescue. 
Strict, upright grasses, 8 or more dm. tall with somewhat purplish 
panicles. Railroad rights of way and floodplains and bottoms. 
Summer. 
4. Festuca shortii Kunth. Short’s Fescue Grass. 
Slender upright grasses with spreading, few-flowered panicles. 
Prairie remnants, along railroad. Early summer. 
5. Festuca obtusa Spreng. Nodding Fescue. 


Panicles very lax with small spikelets. Woodlands and sheltered 
prairie remnants. Early summer. 












b- 


od 
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PANICULARIA Heister 


ME OS ree ee ee a ee 1. P. septentrionalis 
Spaeeen Ga Serene, SoS WOM, WONG 6 ions 85 cei s cet c eed dedeeasiuss 2. P. nervata 
1. Panicularia septentrionalis Hitche. Floating Manna Grass. 


Tall plants, often over a meter high. Shallow water. June. 


2. Panicularia nervata (Willd.) Kuntze. Nerved Manna ‘Grass. 
Slender grasses with open panicles. Smaller than above, usually 
bunched. Moist ground. June. 


4, Poa L. 
Annuals; usually less than 2.8 dm. tall.............c.ccccecee 1. P. chapmaniana 
Perennials 
Cree Se See, ee POMUINOOTED. 6 on kc cc eta cicwsemess ceases 2. P. compressa 
Culms tufted 
CROCE DOUEUCOU MPOGOME aig nc ci ccc ceccccccccccccscceste FR Qe 
No creeping rootstocks present 
ee os cn ha i ok hd ad kh 6d enw ARs sReenies 4. P. alsodes 
Marginal nerves pubescent... .... 0... ccccccsccccccccsccecde P. sylvestris 
1. Poa chapmaniana Scribn. Chapman’s Spear Grass. 
Cultivated and waste places. Spring. 
2. Poa compressa 1. Wire Grass; Canada Blue Grass. 
Dry soil, sometimes cultivated for pasturage. Spring and summer. 
3. Poa pratensis L. Meadow Grass; Spear Grass; June Grass; 
Kentucky Blue Grass. 
Perennials with creeping rhizomes 3-12 dm. tall. Spring and early 
summer. 
t. Poa alsodes Gray Grove Meadow Grass. 


Slender woodland plants. May and June. 


5. Poa sylvestris Gray 
Rich woods. Spring and summer. 


5. Eracrostis Host. 


Annuals 
Cone IN = SR INI a 5 oak 6 6.0068 inicetcssciaccocs 1. E. hypnoides 
Culms erect, ascending or decumbent; flowers perfect “ 
ne 2s GOP, OP MUIR, BOM cc ccaccceccccecacéedesnrce 2. EB. frankii 
Spikelets 5-many-flowered, 5 mm. or more long................. 3. E. pilosa 
PE see aa Vaawaign dh cdes 05 66 60006en0 64 406 ONeCER SAR EERS 4. E. pectinacea 
1. Eragrostis hypnoides (Lam.) B.S. P. Creeping Eragrostis. 


(E. reptans Nees) 
Moist grounds and ditches. Summer. 


2. Eragrostis frankii (Fisch., Mey, and Lall) Steud. 
Low ground. Summer. 


3. Eragrostis pilosa (L.) Beauv. (E. purshit Schrad) 


Open ground. Summer. 


4. Eragrostis pectinacea (Michx.) Nees. Purple Eragrostis. 
Dry soil. Summer. 
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6. Drartna Raf. 
Ne SR Oe eee ee Pre eee Ee Tree Tre er 1. D. festucoides 
1. Diarina festucoides Raf. (Diarrhena americana Beauv.) 
Rich woods and shaded banks. Summer. 


x 


7. PHracmites Adans. 
ee A Gs i cis e0desseeeeseecesuab bnew Sen 1. P. communis 


1. Phragmites communis Trin. Reed. 
Tall plumage grasses with wide leaves. Borders of ponds and along 
river. September to November. 


8. Dacty tis L. 
nC: IN 65 oi. sua eis 5) wD oe aie hae aleaes Mee ae eee 1. D. glomerata 


1. Dactylis glomerata L. Orchard Grass; Cock’s-foot. 
Small grasses, 6-8 dm. tall with glomerate heads. Dry fields. June 
to September. 


Trise Il. HORDEAE 


Spikelets 1 to several flowered, sessile on opposite sides of a jointed or 
continuous rachis, forming symmetrical spikes. 


KEY TO THE GENERA 
Spikelets solitary at each joint of the rachis 
ee Semen I OD BO SIND SG, 6 on sc ccccccsncvesssonesacase 13. Lolium 
ne re US, I Oh OU URIS 6 5 cco c.hs.c ve orscccteatéeneceee 9. Agropyron 
Spikelets 2-3, rarely solitary, placed dorsoventral to the rachis 
aha SE a a talus Wk Gra ge 8's Olas Coe E ES hae aeN 12. Hordeum 
Spikelets all alike 
Glumes equalling florets; spike dense...............0cceeceeeees 10. Elymus 
Glumes reduced to short bristles, often obsolete; spike loose....11. Hystrix 


9. AGROPYRON Gaertn. 


ae eee ee ee. error rer yr 1. A. repens 


1. Agropyron repens (L.) Beauv. Couch Grass; Quitch Grass; 
Quick Grass. 


Common in waste places and along roadsides. Summer. 


10. Exnymous L. 


Ns Sets aae Sood holt 6s acd ba A 0 VEN Gee eee eneas 1. ZB. striatus 
Glumes narrowly lanceolate 
Glumes indurate below; spike erect.............ccccececcceces 2. E. virginicus 
Glumes not indurate below; spike nodding................e00. 3. FE. canadensis 
1. Elymus striatus Willd. Slender Wild Rye. 


Plants 5-10 dm. tall, with spreading panicles. Rocky banks. July to 
August. 
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2. Elymus virginicus L. Virginia Wild Rye; Terrel Grass; Lyme 


Grass. 





Moist woods. Summer and fall. 


3. Elymus canadensis L. Nodding Wild Rye. 
Open sandy places. Summer and fall. 


11. Hysrrix Moench. 
Deas Bi GES A I i wk See 6 wae hak 64 HRS eRS BENE bs bakes cnet 1. H. hystrix 


1. Hystriz hystria (L.) Millsp. Bottle-brush Grass. 
Spikes bristly and loosely flowered. Sparingly present in moist 
woods. Summer. 


12. Horpveum L. 


ey Se I o's o 6 b's oc beb OP eWOe ROA OSCE Rea SGceudeeee 1. H. jubatum 
I GE I Soi a bec. v eee sacha dda ebhs a des Oe a pAals © alee 2. H. pusillum 
1. Hordeum jubatum 1. Squirrel-tail Grass. 


Waste places and prairie remnants. Summer. 


2. Hordeum pusillum Nutt. Little Barley. 
Waste places and roadsides. Spring and summer. 


13. Lotium L. 


Spikelets 4-8-flowered; lemmas sometimes awned............... 1. L. temulentum 
Spikelets 5-10-flowered; lemmas awnless..............6050eeeeeees 2. L. perenne 
1. Lolium temulentum L. Bearded Darnel. 


Waste places, not common. Spring and summer. 


2. Lolium perenne L. Perennial Rye Grass. 
Fields and roadsides. June. 


Tribe Il. AVENEAE 


Spikelets 2 to several flowered in open or contracted panicles, or rarely 
in racemes; glumes usually as long or longer than the first lemma, com- 
monly longer than all the florets; lemmas usually awned from the back or 
from between the teeth of a bifid apex, the awn bent, often twisted, the callus 
and rachilla joints usually villous. 


KEY TO THE GENERA 


Spikelets awnless or the upper lemma mucronate or rarely short awned 
Articulation below the glumes; glumes of different shapes..... 15. Sphenopholis 
Articulation above the glumes, these similar.................4.. 14. Koeleria 

Spikelets awned . 

Florets 2, only one perfect 


EO a ee re 17. Arrhenatherum 

rr er i Mi, 6 cp ones advice debe Ceecedeae caus 18. Notholcus 
Florets more than two, upper ones reduced 

Awn apical, from between the teeth, twisted.................4. 19. Danthonia 


Se IE MD 4 654-4 60 04 5d ce Fee Coie BRR as hee ckeanes ons 16. Avena 
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14. Koervertra Pers. 
ee Ge I GIR cc oc kas wc eh bk pee seesacet ee tanedt cats 1. K. cristata 


1. Koeleria cristata (L.) Pers. 
Dry soil. Summer. 


15. SPHENOPHOLIS Scribn. 


Spikelets 2. 5-3 mm. long 


LE ee ee eee Pe oe pec B'SLe > 4 wieder 
Spikelets 3-4 mm. long 


PeSE eee eT TREE ELEC CRTC TT ee 2. 8S. pallens 


1. Sphenopholis obtusata (Michx.) Seribn. Blunt-scaled Sphenopholis 
Dry soil. Summer. 

2. Sphenopholis pallens (Spreng.) Scribn. 
Prairie remnants and roadsides. Summer. 


16. Avena L. 


ee TON 2 UR. BONNE ds co be oad cabs wba ine ates s VeSe mes 1. A. sativa 
1. Avena sativa L. Common Oat. 
Scatteringly escaped from cultivation. Early summer. 
17. ARRHENATHERUM Beauv. 
eT | EP ee Pe TT eee eT Tee Tee Tr eee ee 1. A. elatius 
1. Arrhenatherum elatius (l.) Beauv. Tall Oat Grass; Randall 
Grass. 
Waste places and roadsides. June and July. 
18. Noruo.icus Nash 
ees Ce. DE SE WEE. TOUR soc. co ic ec eke oe te ceseetee cess 1. N. lanatus 
1. Notholcus lanatus (.) Nash Velvet Grass; Meadow Soft 
Grass. 
Moist places. Summer. 
19. DantHonta Lam. & DC. 
Dotiatata SB Gewares, 16-ES Mim. WOME. 6 oo icc e cheeses eeres ceosee 1. D. spicata 
1. Danthonia spicata (L.) Beauv. Wild Oat Grass. 


Dry soil. Summer. 


Trise IV. AGROSTIDEAE 


Spikelets 1-flowered, usually perfect, arranged in open, contracted, or 
spikelike panicles, but not in true spikes nor in one-sided racemes. 
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KEY TO THE GENERA 






Rachilla articulate below the glumes, these falling with the spikelet....22. Cinna 
Rachilla articulate above the glumes 
Fruit indurate, nerves obscure 
Be Se Sa Ro RGR ET OAs O8 h2 6.465.604 06 see ba Rep neeentewd decode 28. Aristida 
PERFOR SR EE Pe Ie ee ee ee ee eee 27. Stipa 
Fruit thin, nerves prominent 
Glumes longer than the lemma 
ey QE SE WN Sa a dnc cas 665 Sas 6 aie de pate ele 600g ee” eee 
Glumes not ciliate 
Palea evident; florets bearing a tuft of hairs from a short callus.... 


hid ch dpebesthia haw nabit ae Awe aee one meade waewhée &d wae x 20. Calamagrostis 
Palea small or wanting; florets without hairs...............21. Agrostis 
Glumes not longer than the lemma 
Lemma awnless or awned from the back.................4. 25. Sporobolus 
Lemma awned from the tip 
Rachilla prolonged behind the palea.................. 26. Brachyelytrum 
EE Sn; IN 6 04.5 casey cus oedtsibenadedsuene 24. Muhlenbergia 
20. CatamaGrostis Adans 
Callus hairs almost equaling and concealing the lemma.......... 1. C. canadensis 
1. Calamagrostis canadensis (Michx.) Beauv. Blue-joint Grass. 
Moist places. Summer. 
21. Acrostis L. 
Palea at least % as long as the lemma, 2-nerved...................5. 1. A. alba 
Palea minute and nerveless or none 
Panicle diffuse; branches long and capillary.................... 2. A. hyemalis 
Panicle spreading but not diffuse............ccccccccace wsee.de A. perennans 
1. Agrostis alba L. Fiorin White Bent Redtop. 


The variety Agrostis alba vulgaris Thurb. is the common form. 
Meadows and fields and in cultivated ground. Summer. 


2. Agrostis hyemalis (Walt.) B.S. P. Hair Grass. 


Moist open woodland. Summer. 


3. Agrostis perennans (Walt.) Tuckerm. Thin Grass. 
Moist soil. Fall. 


¢ ’ rar 
22. Cinna L. 
Lemma with minute awns or awmleSs............ccccceececees 1. C. arundinacea 


1. Cinna arundinacea L. 
Moist, shaded banks. Summer and fall. 


23. Putieum L. 
Midnerve of the lemma produced into a short awn, 1 to 2 mm. long..1l. P. pratense 


1. Phleum pratense L. Timothy ; Herd’s Grass. 
Escaped from cultivation along roadsides and fence rows. Summer. 
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24. MUHLENBERGIA Schreb. 


Glumes at least % as long as the floret 
Glumes broadly ovate, more or less clasping, ™% to 2/3 as long as the 
SN cigs Rec ae Samed Anaee ee ek ee seca Tak ogee wee 1. M. tenuiflora 
Glumes lanceolate, acute to aristate-pointed 
Glumes not longer than the lemmas 
Panicles oblong or cylindrical, long-exerted; spikelets crowded, more or 
9 


Pe ED. bs ok oc pees eh had oes Ve ceb 06 pase es Nee eee hee M foliosa 
Panicles ovoid or subpyramidal, numerous, short exerted or partly 
EE SF 5is bee Rpee oolas ae RehA asa bese ROO SUES SORES 3. M. mexicana 
Glumes much exceeding the awnless lemmas...........-+0+00+5 4. M. racemosa 
Glumes not more than \ as long as the florets..................-5. M. schreberi 


1. Muhlenbergia tenuiflora (Willd.) B.S. 0. Slender Muhlenbergia. 
Woodlands. Fall. 


2. Muhlenbergia foliosa Trin. 
Wet ground. Fall. 


3. Muhlenbergia mexicana (l.) Trin. Meadow Muhlenbergia ; 
Mexican Drop-seed. 
River banks. Fall. 
4. Muhlenbergia racemosa (Michx.) B.S. P. Marsh Muhlenbergia ; 
Wild Timothy. 


Moist meadows. Fall. 


5. Muhlenbergia schreberi J. F. Gmel. 
Waste places. Fall. 


25. Sporosouus R. Br. 


Panicles contracted 
0 SE et see Terre rrr eer Ter ee ee eee r,t Cre eee eS 1. S. asper 


Annuals pes 
Spikelets 4 mm. long; lemma pubescent........ .....-e0005 2. 8S. vaginiflorus 
Spikelets 2. 5-3 mm. long; lemma glabrous...................3. 8. neglectus 


ree re eer ree ee Pe eed ere er ee Pea er ce 4. S. heterolepis 


1. Sporobolus asper (Michx.) Kunth. Long-leaved Rush Grass. 
Dry soil. Summer. 


2. Sporobolus vaginiflorus (Torr.) Wood 
Waste places. Fall. 


3. Sporobolus neglectus Nash. Small Rush Grass. 
Waste places. Fall. 


t. Sporobolus heterolepis Gray Northern Dropseed. 
Dry soil, roadsides. Fall. 


26. BRACHYLELYTRUM Beauv. 


Spikelets, excluding the awns, 10. mm. long 


pebaneke céesabee awa en 1. B. erectum 


1. Brachyelytrum erectum (Schreb.) Beauv. Bearded Short Husk. 
Rich shaded places. Summer. 
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27. Stipa L. 


Cote: Re a ik Side oa 6 koa Son Ch x Wee rea whwediesseveetan 1. S. spartea 





1. Stipa spartea Trin. Porcupine Grass. 
Prairie remnants. Summer. 


28. Aristipa L. 


Lateral awns shorter than the middle one...............0eeeeee: 1. A. basiramea 
pe ee eS Oa OP eee Perr Fe ee ee re ee er ee 2. A. oligantha 


1. Aristida basiramea Engelm. Forked Aristida; Tufted Tripleawn. 
Dry places. Fall. 


2. Aristida oligantha Michx. Few-flowered Aristida. 
Dry sterile soil. Summer and fall. 


Trine V. CHLORIDEAE 


Spikelets 1 to several flowered, in 2 rows on one side of a continuous 
rachis, forming one-sided spikes or spikelike racemes; which are solitary, 
digitate, or racemosely arranged along the main axis. 


KEY TO THE GENERA 


Spikelets with more than one perfect floret.............cc ce eeeeeees 29. Eleusine 
Spikelets with only one perfect floret 
Spikelets without additional modified florets......................30. Spartina 
Spikelets with 1 or more modified florets.......................-31. Bouteloua 


29. ELEustINEe Gaertn. 
GpeRaG SoG GM. BOs a ain coo bine cc 06 be a ct eke CWheces cece. Haciassias 1. E. indica 


1. Eleusine indica (L.) Gaertn. Wire Grass: Yard Grass; Goose 
Grass; Crow’s Grass. 
Waste places and fields. Summer. 


30. Spartina Schreb. 


eee: Te Ge Pics 5 cbcin cbse pce baad eewats seanennds 1. 8S. michauriana 
1. Spartina michauriana Hitche. Slough Grass; Cord Grass. 


River banks and wet places. Fall. 


31. Bouretova Lag. 
Splicotots TBO mee. DOM. ccc ccc cece ccedeescsscccceccvcscesee 1. B. curtipendula 
1. Bouteloua curtipendula (Michx.) Torr. Tall Grama Grass. 


Summer and fall. 


Tre VI. PHALARIDEAE 

Spikelets with one perfect terminal floret and below this a pair of stam: 
inate or neuter florets. Only one genus found in this region: Phalaris, with 
lateral florets reduced to small awnless scalelike lemmas. 
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32. PHawaris L. 


re A PE, oe bac ewe cases we eb eres rhaiewee es bebue 1. P. arundinacea 
Spikelets 6-8 mm. long.......... PS I eS ee ee ORT he 2. P. canariensis 
1. Phalaris arundinaceae I. Ribbon Grass. 


The common form is Phalaris arundinacea picta L. 
Ditches and moist ground. Summer. 


2. Phalaris canariensis 1. Canary Grass. 


Ditches and moist ground. Summer. 


Tripe VII. ORYZEAE 


Spikelets 1-flowered, perfect, strongly laterally compressed, paniculate; 
glumes reduced or none; plea apparently 1-nerved; stamens 6. Represented 
in Champaign County by one genus, Homalocenchrus, without glumes and 
awnless. 


NS: iin SR rn Sg a oid ee bee whe Rend ne ad 6SUCeR EOS Feeee 1. H. oryzoides 
ee rs GI IES ra ob iale ss ose cet knee Ske keewd sakaeen 2. H. virginicus 
1. Homalocenchrus oryzoides (li) Sw. Cut Grass; White Grass. 


Wet soil and standing water. Summer. 


2. Homalocenchrus virginicus Willd. White Grass. 
Wet soil and standing water. Summer. 


Tribe VIII. PANICEAE 


Spikelets with one perfect terminal floret and below this a sterile floret 
and two glumes; fertile lemma and palea indurate or at least firmer than the 
glumes and sterile lemma; articulation below the spikelet. 


KEY TO THE GENERA 


Spikelets subtended or surrounded by 1 to many distinct or connate bristles 


Bristies persistent; spikelets deciduous..........-.cccecsessvcd 38. Chaetochloa 

Bristles united into a bur-like involucre.........................39. Cenchrus 
Spikelets not subtended by bristles 

Glumes or sterile lemma GWE... 2... sc ccccccccccccccscns ...37. Echinochloa 
Glumes or sterile lemma awnless 

Spikelets in panicles......... eetio sida hb 6 ae aw and: ke ea ak 

Spikelets arranged on a digitate or racemose axis 
Fruit cartilaginous-indurate ..........-eesse00. .+++++..-34. Syntherisma 
DOUG GUMPCROOOUDIMGRIOUE 665 ccc icccccecccscscccvivcecses sae PRSpalal 


34. SyYNTHERISMA Walt. 


Spikelets appressed pubescent, usually in pair; on sharply angled pedicels; ; 
ee PPP ayy rrr OEY Peano eee Fee ee 1. S. sanguinalis 
Spikelets glandular pubescent between nerves, usually in threes on rounded 
9 


ee = Ges ee NUD. 6c bs vet eeces eb eake oe tent eee heawe? 2. S. ischaemum 
1. Syntherisma sanguinalis (.) Dulac. Common Crab Grass. 
Waste places and lawns. Summer and fall. 
2. Syntherisma ischaemum (Schreb.) Nash. Small Crab Grass. 


Rarer than the above, in similar places. Summer and fall. 
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35. Paspatum L. 
Poles Fs Ss CN vo cho ee bA Cheuk ven aeeetechetea nicest 1. P. ciliatifolium 
1. Paspalum ciliatifolium Michx. 
Woods and roadsides. Spring and summer. 


36. Panicum L. 


Annual plants 


I be os it cas ce wa vaeinadetieeasaeke 1. P. dichotomiflorum 
Plants more or less hispid 
Panicle more than half the length of the entire plant..........2. P. capillare 
Panicle not over one third the length of the entire plant......3. P. gattingeri 


Perennial plants 
Basal leaves similar to the culm leaves, not forming a winter rosette...... 
ee) Pre Pt ee Pe ee re TT Pre ere ee 4. P. virgatum 
Basal leaves usually different from culm leaves, forming a winter rosette 
Spikelets 3 mm. or more long 


ge | reer rT reer re errr Tee —— -_  — 

Gee OO Se Oa WE, Svece Heeb cccdbdavesenecgeceues 6. P. leibergii 
Spikelets less than 3 mm. long 

Sheaths or all but the lowest glabrous.................... 7. P. lindheimeri 


Sheaths pubescent 
Upper surface of blades with erect hairs 3-5 mm. long...8. P. praecocius 
Upper surface of blades with short or appressed pubescence......... 
eee er Ce ee re ed Pe TREE TC COPE TL ere Ter 9. P. huachucae 


1. Panicum dichotomiflorum Michx. Sprouting Crab Grass. 
I § 
Cultivated fields and low waste places. July to October. 


“oO 


Panicum capillare L. Tumble-weed ; Old Tickle Grass. 
Tumble weed at maturity, usually in sandy fields. August to October. 


3. Panicum gattingeri Nash 
Moist places. Summer and fall. 


4. Panicum virgatum L. Switch Grass. 
Wet low places, usually along railroad. Summer. 


. 5. Panicum latifolium L. 
Present only in sandy places. Summer. 
6. Panicum leibergii (Vasey) Scribn. 
Prairie remnants. Summer. 
?. Panicum lindheimeri Nash 
Open woods. Summer. 
8. Panicum praecocius Hitche. & Chase 
Much branched. Usually in dry places. Summer. 


9. Panicum huachucae Ashe. 
The form Panicum huachucae silvicola Hitche. & Chase is the com- 
mon one. Open places along the railroad. Summer. 
3%. Ecurnocuioa Beauv. 
Spikelets about 3 mm, long........... ene bdiued was dead ~eeeeeel. BE. crus-galli 
1. Echinochloa crus-galli (.) Beauv. Barnyard Grass. 


Moist places, especially on creek banks. Summer. 
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38. CHAETOCHLOA Scribn. 


i er ae ao brs ad kee eae oa Oe DS oe ee Ra Se eee 1. C. viridis 
Spikelets 3 mm. long 
rn i A I sees en bs sCa thd b6 00S seb NEES 2. C. italica 
Bristies 5 or more, tawny yellow... .....ccccccccscvcccccscccccde OC. bgtescone 
1. Chaetochloa viridis (.) Seribn. Bottle Grass. 


Common on roadsides and in waste places. Summer and fall. 


2. Chaetochloa italica (.) Seribn. Italian Millet. 
Sometimes escaped from cultivation. 


3. Chaetochloa lutescens (Wiegel.) Stuntz. Yellow Foxtail. 
Roadsides. Summer and fall. 


39. CrENcHRUS L. 


Pe RE SA I. bs So dine Shedd ee Se ee ee bees esse 1. C. carolinianus 


1. Cenchrus carolinianus Walt. Sandbur. 
Chiefly on lighter soils, often a pest on lawns. Fall. 


Trine IX. ANDROPOGONEAE 


Spikelets in pairs on the rachis, one usually sessile and fertile, the other 
pedicellate and staminate or neuter, or rarely none. Spikelets with perfect 
terminal floret and below a neuter or staminate floret. 


KEY TO THE GENERA 


Racemes of several to many joints, solitary, digitate, or aggregate..40. Andropogon 
Racemes reduced to one or few joints 
| TT eet TE eee ee eT 41. Holcus 
Pedicellate spikelets none, pedicel present.................... 42. Sorghastrum 


40. ANnpropocon L. 


koe e onnce 6 64 ses hones Raw ae wee Nee 1. A. scoparius 
IN SPIE, obs Seneca. cra. d 0a Selene ehwe ee ean enee 2. A. furcatus 
1. Andropogon scoparius Michx. Little Bluestem. 

Dry ground. Summer. 
2. Andropogon furcatus Muhl. Big Bluestem. 

Dry open ground. Summer. 

41. Hotxcus L. 

ar TTT MS bas oo ih Noa ce 0a OR ROA WaT ES Ue ks eweenes 1. H. halepensis 


1. Holcus halepensis L. Johnson Grass. 
Not common here and found chiefly along roadsides. Summer. 


42. SorcHastrum Nash. 


Awn loosely twisted, 12-15 mm. long.........ceceececcccccescevcecs 1. S. nutans 


1. Sorghastrum nutans (1) Nash. Indian Grass. 
Dry soil. Summer. 
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THE PINE EMBRYO AND THE EMBRYOS OF 
RELATED GENERA 


BY 








































J. T. BucHHoLz 


University of Illinois, Urbana. 


It will be of interest to describe the essentials in the development 
of the embryo of the pine, which is the conifer usually studied as a type 
in our courses in elementary morphology. I am prompted in this partly 
because of the inadequate accounts and certain inaccuracies which per- 
sist in some of our current textbooks, and partly because it seems de- 
sirable to give a re-statement of the essentials of this embryogeny, fol- 
lowing an interpretation gained from the comparative study of other 
conifers.* 

All conifers, in fact, all gymnosperms, are polyembryonic. That is, 
there are usually several or many embryos in an immature seed in July, 
though only one embryo remains in the matured seed in September. 
The primary cause of polyembryony is the fertilization of several eggs, 
and we call the resulting condition simple polyembryony. In many 
conifers such as the pine, each zygote splits into several or many embryos 
and this condition has been called cleavage polyembryony. Most of the 
conifers in which cleavage of the zygote does not occur present evidence 
in the organization of the early embryo which indicates that they must 
have been derived from forms in which cleavage polyembryony existed.*: * 
It is appropriate, therefore, to describe the development of the pine 
embryo as a type since this form is usually available for study and rep- 
resents one of the more extreme illustrations of cleavage polyembryony 
as found among the Abietineae. 

The proembryo stages in the pine, as described by several investi- 
gators, have been summarized by Coulter and Chamberlain’, and the 
complete citations to the original contributions are given elsewhere’ 
Figures 1-8 show diagrammatically the steps in the development of the 
proembryo and early embryo. A polarity of the egg first becomes evident 
when the four free nuclei migrate to the apex of the egg (Figure 1), 
and it continues to be evident in the future development of each of the 
embryos after cell walls appear. It will be noted that in the 12-celled 
stage (Figure 3) there are eight cells which have walls on all sides, 
arranged in two tiers of four cells each, with an open tier of four free 
nuclei above. Only two of the four cells of each tier are shown in the 
figures. The free nuclei of the upper tier disintegrate soon after this 


For literature cited, see page 125. 
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stage. Each of the eight walled cells should be regarded as an initial 
cell giving rise to an independent embryo. The lower tier (p) gives 
rise to the four primary embryos and the upper tier (r) to the four 
rosette embryos. The cells of the lower tier develop their embryos imme- 
diately, while the cells of the upper, or rosette, tier are somewhat de- 
layed, and it sometimes happens that one (or more) of these eight cells 
disintegrates or fails to go further in its development—the rosette cells 
collapse more frequently than the four primary embryo initials. This 
twelve-celled proembryo (of which Figure 3 is a longitudinal section) is, 
therefore, a very important stage in the pine, since it marks the first 
stage in which the eight separate embryo units are recognizable. Each 
future embryo is represented here by a single walled cell. Furthermore, 





pro" Seo 


2 3 


‘e) 
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Fics. 1-8. Embryogeny of Pinus. Figs. 1-4. Sectional views of proembry- 
onic stages. Fig. 5. Embryos when suspensors begin elongating. Fie. 6. Sep- 
aration of four embryos coming from p. Embryos arising from rosette (1) 
are shown in figure 8. «a, apical cell; s, suspensor; ¢:, @¢:, embryonal tubes 
that add to suspensor; p, tier of initial cells of primary embryos; r, rosette 
tier. 


these eight cells develop from the time of their first walls by a method 
of apical cell growth. In Figure 4 the four cells of the lower tier (p) 
have divided and interposed another tier of cells (s) representing the 
respective first segments cut off by apical cells with single cutting faces, 
resulting in the 16-celled proembryo stage shown here. The simultane- 
ous elongation of the tier s of first segments (called the primary sus- 
pensors) begins to thrust the terminal cells forward into the female 
gametophyte tissue. At this time a cavity is formed in the female 
gametophyte by the corrosive action of enzymes. The enlargement of 
this cavity facilitates the elongation of the suspensors. Very soon after 
the suspensor cells (x) have begun to elongate, the apical cells cut off 
the second segments (¢,) of their respective embryos followed by the 
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third segments (e,), etc. In some pines the quartette of apical cells of 
the lower embryos have, by this time, become separated and distinctly 
rounded off at the tip, and the older segments elongate successively to 
form suspensor-like secondary additions, sometimes called embryonal 
tubes e,, e,, ete. However, in other species the four embryos may con- 
tinue to adhere closely for some time by their primary suspensor cells, 
making it appear that the separation occurred later. In some pines, 
notably Pinus Laricio, used in Fig. 9, this separation is not as early as 
in the Jack pine. 

The first embryonal tubes (e¢,, e.) may elongate as single cells, but 
sooner or later these successive additions to the suspensor divide by 
vertical walls before beginning elongation, and they elongate as two 
collateral embryonal tubes. There is really no difference between the 
primary suspensor cells and the secondary suspensor cells, or embryonal 
tubes, except in the order of their origin. The distinction is retained 
only in order to facilitate the description. The elongation of suspensor 
cells, both the primary and secondary, is so rapid that it soon exceeds 
the rate of enlargement of the cavity corroded in the gametophyte, thus 
resulting in coiled and twisted suspensors and embryonal tubes. The 
older suspensor cells soon collapse, but if all of the suspensor system 
could be preserved and arranged straight with successive cells end to 
end, they would usually exceed more than twice the length of the ovule. 

We shall now give our attention to the rosette tier (7). These 
embryo initials remain unchanged during the earliest stages of sus- 
pensor elongation, but soon begin to divide. Accounts of the rosette 
embryos are usually omitted from textbooks. Each rosette embryo initial 
divides independently of the others and forms a group of several cells 
developing a polarity in one direction or another (Figures 8 and 9). 
Some rosette cells may fail to divide. Their protoplasm disintegrates 
while they are still unicellular. They may also disintegrate after passing 
through several cell divisions. Sometimes the rosette initials elongate 
and come to resemble suspensor cells.* When the rosette embryos become 
well developed they may manifest a characteristic apical cell growth, and 
short suspensor cells or embryonal tubes may begin to form—a feature 
which identifies these units as definite embryos (Figure 8). However, 
rosette embryos with well-developed elongated suspensors are rare. Most 
of them become aborted before they form an embryo of as many as a 
dozen cells. Their position is unfavorable in relation to the food supply, 
and the upward thrust of the suspensors of the primary embryos tends 
further to disturb their position and remove them from intimate contact 
with the nutritive cells which surround the base of the archegonium. 
These events disturbing the orientation of the rosette embryos doubtless 
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impair their nutrition and disturb their polarity, thus interrupting their 
orderly progress of development. It is obvious that rosette embryos are 
from the first in a very unfavorable position, and it would seem that 
they never have the slightest chance to contribute the embryo which 
survives to the maturity of the seed. 

In the ensuing embryonic selection, the primary embryos are the 
ones in the more favorable positions. The embryonic struggle for exist- 
ence between the four lower embryos of each zygote and between those 
of the different zygotes which may be represented in the embryo complex 
soon results in a variation in the sizes of the different embryos. Usually 
the deep-seated embryos in the terminal positions grow faster, or they 
probably occupy these terminal positions because they have been multi- 

















Fic. 9. Photemicrograph of a complex of two embryo systems dis- 
sected from the ovule of Pinus laricio early in July. Eight primary 
embryos from the cleavage of two zygotes are shown, extending toward 
the right, on the ends of their secondary suspensors. The primary sus- 
pensors have all collapsed and are shown by the coiled mass at the 
left, and for one zygote the rosette embryos are shown, at the extreme 
lower left, while that of the other zygote which was aborted in an 
early stage is hidden. 


plying their cells and have been elongating suspensor cells from their 
proximal ends faster from the beginning. In the seeds collected early 
in August which are nearly mature but in which the embryos have not 
become full sized, the largest of the aborted embryos may frequently 
be observed, pushed back against the micropylar end of the cavity by 
the massive suspensors of the older embryos. I have not observed more 
than one fully matured embryo in the seeds of small-seeded pines, but 
Mottier® has reported a case in which two embryos with cotyledons had 
developed in the seeds of P. edulis. Johnstone and Clare’ have recently 
investigated the mature seeds of other large-seeded pines, P. torreyana 
and P. monophylla and report a few cases in which there are two em- 


bryos which successfully germinated from a matured seed. 
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The apical cell growth which begins after the formation of the 
first cell walls, and therefore dates from the time of the 12-celled stage 
when the embryo initials of the separate embryos are first recognizable, 
does not continue throughout this embryonic differentiation. As stated 
above it is at first a hemispherical apical cell of one cutting face similar 
to that of Chara or of the filamentous stage of a fern gametophyte. 
After cutting off from 3 to 5 segments it becomes an apical cell of three 
cutting faces, resembling the apical cell at the stem tip of Equisetum. 
and the segments cut off by it proliferate rapidly in various planes. In 
Pinus Banksiana this apical cell has been recognized as persisting in 
embryos having up to 500 cells’ but it is usually lost earlier. There 
seems to be a stage following this, before the stem tip and root tip are 
organized, when the apical cell is no longer recognizable, and no apical 
cell growth has been found in the later or more mature stages of the 
pine. If this stage of apical cell growth has any morphological signifi- 
cance it indicates a clear case of embryonic recapitulation, in which the 
method of growth in the fern is repeated. Since it actually begins with 
the embryo-initial stage this interpretation is acceptable; if the apical 
cell appeared for a brief interlude in later stages only, there would be 
less reason to regard it as a case of embryonic recapitulation. The fact 
should be emphasized that the apical cell exists as such from the time 
when the eight embryo-initials are organized. Apical cell growth is also 
found in the rosette embryos, but not always so advantageously shown. 
These embryos are aborted long before they outgrow the apical cell stage. 

The Abietineae include the genera Pinus, Tsuga, Cedrus, Pseudo- 
larix, Abies, Picea, Larix, Pseudotsuga, and Keteleeria. Of these nine 
genera all except Keteleeria have been investigated in the comparable 
early stages of the embryo. The last named genus has two species native 
to China and Formosa where fruiting material has not been accessible to 
botanical investigators. I have thus far examined the embryos of 16 
species of Pinus, one species of Cedrus, three species of Abies, four 
species of Picea, two species of Larix, four species of Tsuga, one of 
Pseudotsuga and some of the important stages of the single known 
species of Pseudolarix. Other investigators have added the study of 
several pines, another species of Cedrus'', and we are indebted to others 
for the facts concerning the very important proembryo stages not in- 
cluded in my studies.* * ® 

From these investigations it may be desirable to outline the com- 
parative stages in the early embryogeny in order to present the impor- 
tant features as they are now known. We shall compare them with ref- 
erence to cleavage polyembryony, whether the primary embryos separate 
or not, or whether or not the rosette embryos develop, whether the 
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rosette cells (rosette-embryo initials) are actually formed, and whether 
or not the early embryos grow by apical cell growth. This was pre- 
viously done*, using only a set of diagrammatic drawings, but fully 
three times as many forms have been investigated since the preparation 
of the former publication. I feel that it is desirable to make use of 
more accurate drawings, though for the sake of clearness in this presen- 
tation, I have modified the camera drawings by arranging the suspensors 
and embryos of each drawing in a manner to economize space. In each 
instance several stages of a single embryo system, or the product of a 
single zygote is included, actually there may be several similar systems 
combined into the complex of suspensor-hbearing embrycs as these are 
dissected from the ovules. 

The stages of the pine embryo are given in Figures 10-11 for the 
sake of comparison with the other genera. This material represents 
Pinus Laricio. The rosette embryo usually develops much further in 
embryos older than the one figured, but this is fairly representative for 
this stage of the primary embryos. The suspensor cells (s) in the upper 
part of the diagram usually collapse after the embryonal tube (¢, or e,) 
begin to elongate. 

In Cedrus we have a repetition of the embryogeny of the pine, 
though it will be noted that the primary suspensors elongate tremend- 
ously, and sometimes the secondary suspensor cells (e,) elongate before 
the lower embryos separate. A dissection such as Figure 12 would ap- 
pear to be forming a single embryo but if collections are made a week 
or 10 days later all embryos will be found to have separated as in Figure 
13 where this long primary suspensor is shown in the collapsed condi- 
tion. Cleavage polvembryony is therefore characteristic of Cedrus, but 
the separation is relatively delayed. 

Cedrus has rosette embryos. The one shown in Figure 13 repre- 
sents an extreme condition in the development of rosette embryos, 
usually they do not develop into stages much beyond that shown for the 
pine in Figure 11. The extent of apical cell growth in Cedrus is not 
known. There seems to be an apical cell in the early embryos, but with- 
out the characteristic regularity which one might expect after a study of 
the pine embryo. 

Tsuga mertensiana is shown in Figures 14 and 15. The proembryo 
also begins as in the pine and the general development is very similar 
to Pinus, except that in Tsuga canadensis and T. heterophylla these 
rosette cells usually collapse without division and in the mountain hem- 
lock (Tsuga mertensiana, Figure 15) they persist and may divide to 
form rosette embryos of a few cells. Tsuga caroliniana seems to be 
practically identical with 7. canadensis. In the material of T'suga 
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heterophylla and T. canadensis which I have examined, from two to 
four eggs were usually fertilized, which resulted in so many confused 
embryos knotted into a complex, that it was very difficult to follow and 
identify the individual embryos belonging to a single embryo system. 
Possibly suppression of rosette embryos resulted from this excessive 
production of zygotes. 

Pseudolarix has an interesting embryogeny which I have had occa- 
sion to follow through certain critical stages. The early embryo (Figure 
16) resembles the pine.* However, though the rosette tier does not form 
embryos, each of several successive suspensor cells is embryo-forming. 
This produces a condition of cleavage polvembryony which is unique and 
extreme, but on the other hand the lowest tier of cells which separate 
in Pinus, Cedrus and Tsuga into four embryos are combined into a 
single embryo. We have, therefore, cleavage of intermediate tiers of 
embryo initials instead of the lowest, and a union of the lowest tier as 
in Picea. Figures 16 and 17 show these conditions. Since the rosette 
tier usually persists, though undivided, and the two successive tiers of 
elongated cells below the rosette cells are embryo forming, the embryo 
does not correspond strictly to that of Pinus. The embryo-initial cells 
in Pseudolarix appear to include all of the cells shown in Figure 16, 
with the four lowest initials usually combining into a single embryo. 

The four genera Pinus, Cedrus, Tsuga, and Pseudolarix have ex- 
tensive cleavage polyembryony in their program of development. Each 
of these genera includes at least one or more species in which the rosette 
cells are persistent or embryo forming. One of them, Pseudolarix, 
stands somewhat apart from the other three, in combining an extreme 
condition of cleavage polyembryony in the upper tiers of embryos with 
simple polyembryony in its lowest tier. Pseudolarix may, on account 
of its primary embryo, be included with the remaining group of the 
Abietineae rather than with the pine group, or it may be considered a 
transitional form which stands between these two divisions of the 
Abietineae. 

The remaining four genera whose embryogeny has been studied, 
Abies, Picea, Larix, and Pseudotsuga, are characterized by simple poly- 
embryony. Their proembryos, as far as they have been studied, resemble 
the proembryo of pine (2,9). However, instead of giving rise to rosette 
embryos, the cells of the rosette tier usually collapse. In Abies balsamea 
[ have found occasional rosette cells which sometimes divided and did 
not collapse. In a rather limited number of cases a cleavage of the 
lowest tier was observed (3). Likewise, in a few rare instances rosette 
cells have been found to persist but not to divide in Picea. They 
frequently collapse very early in all three genera, Abies, Picea, and 
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Larix, so that they may not even be found in comparatively early stages 
of the embryo. No rosette cellls have been observed at all in Pseudot- 
suga. 

The lowest tier usually combines to form a single embryo in all 
four of the genera Abies, Picea, Larix and Pseudotsuga. Cleavage poly- 
embryony is not typical for these forms: it is rarely observed in Abies 
and probably does not occur in the other three. 

In Cedrus and Tsuga an apical cell stage is observable in the early 
proembryo, probably somewhat more abbreviated than in Pinus. Where 
the four cells of the lowest tier all combine in the formation of a single 
embryo as in Picea, Abies, Larix, and Pseudotsuga, it appears that none 
of them dominate over the others, and the existence of an apical cell is 
not to be expected. The union of the four cells seems to shut out an 
apical cell stage for the embryo, a condition which is also shared by 
the lowest tier of the cells in the embryo of Pseudolarix. Figures 18-25 
show the embryos of these last four genera as they appear in comparable 
stages. 

The embryogeny of Keteleeria is not known except for the anatomy 
of the embryo in the stage of the mature seed (6). It will be of great 
interest to discover whether this genus resembles the pine group or the 
picea group. 
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STUDIES ON GERMINATION OF SEEDS OF NATIVE 
HERBACEOUS PLANTS OF THE CHICAGO REGION 
BY 
May Burungik 
University of Chicago. 

Anyone who has made a study of the germination of seeds of dif- 
ferent plants is struck by the great diversity of their behavior, even 
among species closely related. The type that one expects to be most 
frequent is rapid germination when the seeds are given the requisite 
conditions, such as water, air, and the proper temperature, and this is 
true for most of the annuals and biennials of the Chicago region. In 
the studies made by Miss Harriet George and by the writer, we have 
found that rapid germination is not the prevalent type among the peren- 
nials which make up a large number of our most beautiful wild flowers. 

A typical example of rapid germination is found in Lupinus peren- 
nis. If seeds that have just matured are put on moist cellucotton at 
25°C. (77°F.), they germinate in 48 hours. Dry storage decreases 
their germinative activity. In our experiments seeds stored dry for four 
months gave 90% germination, but only after four months, and none 
germinated before two months. 

Seeds of many kinds in this region commonly have a period of 
dormancy, or “after-ripening,” through which they must go before they 
germinate. In other words, the embryo is formed when the seed is 
apparently ripe, but some physiological changes must take place before 
the seed can germinate. Various methods have been used to “break the 
dormancy” or “hasten the after-ripening” in certain cases. The most 
common method is to subject the seeds to a low temperature, somewhat 
above freezing, such as 5°C. (41°F.). Maianthemum canadense, wild 
Lily-of-the- Valley, gave 70% germination only after 9 months, but with 
ten weeks at 5°C. it gave 90% in 4 months. It is necessary that the 
seeds be moist at the low temperature. Thus dry seeds at 5°C. for ten 
weeks gave only 10% germination even after ten months. 

In natural conditions, the seeds undergo the equivalent of this 
treatment by lying on the ground over winter. In tests made on Dode- 
catheon Meadia, the Shooting Star, the over-wintering has been found 
to be as effective as the 5°C. treatment, although the latter is quicker. 

Another type of germinative behavior is the case where the seed 
coat hinders germination either mechanically or by its impermeability 
to water or air. In such cases, scratching or the removal of the coat 
allows germination to occur in a short time. Baptisia leucantha, the 
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False Indigo, gave no germination even after 15 months. When the 
coats were scratched, however, 75% germinated in 3 months. Seeds in 
this class have often been grouped with those needing after-ripening be- 
cause a delayed germination may be obtained by the breaking down of 
the coat by freezing or decay. 

Sometimes, when the seed is shed the embryo is still undeveloped, 
and so it must develop further before germination can occur. This is 
well-known in orchids. I have found this to be true also of Hepatica 
acutuloba, in which the embryo is a tiny mass of similar cells with no 
differentiation into parts. If these seeds while fresh are left in soil, 
germination occurs in 6 months. None however is obtained after dif- 
ferent periods of storage. This would indicate that death occurs quickly 
if conditions for further development are not immediately supplied. 

As one would expect from the usual complexity of nature, several 
of these conditions may occur together. Such was found to be the case 
with seeds of Sanquinaria canadensis, the Bloodroot. With the coats 
removed, 20% germination was obtained in 13 months. With a 3-minute 
dip in boiling water, 60% was obtained in 14 months for 1-year-old 
seeds and 60% after 29 months for fresher seeds. Also in soil, about 
60% was obtained in 29 months. These results, compared with the 
lack of germination when the coat is untouched, indicate that changes in 
the coat (by boiling water or the action of the soil) are prerequisites for 
germination. That the coat is not the only limitation is shown by the 
fact that, with the coat removed, immediate germination is not obtained. 
The embryo, though small, has its parts differentiated. Still several 
months seem to be necessary for after-ripening. 

The trilliums furnish a good example of the diversity of behavior 
even among species of the same genus. 7’. recurvatum gives 100% germ- 
ination in one month if the seeds are put into germinating conditions 
as soon as they are ripe. With dry storage, about 30% is obtained in 
3 months, showing a decrease in germinative activity with time. 7’. 
erectum, on the other hand, gives no germination even after 7 months 
when fresh seed is used. But with 6 months of dry storage, it gives 
70% in 5 months. This shows an increase in germinative capacity with 
time. 7. grandiflorum even with months of storage gives no germina- 
tion, but with low temperature treatment, it germinates 100% in 4 
months. 








128 Transactions of the Illinois State Academy of Science 


THE DERIVATION OF COLOR-SCHEMES 
FOR HOMES FROM A STUDY 
OF TREES* 
BY 
Euma C. CRUMMER 
Oak Park. 

I am glad to give my experience in the adaptation of color-schemes 
derived from a study of trees, for the benefit of those who are seeking 
the truth in color combination and color harmony. The following brief 
account of my work with botanical materials, of colors applicable to 
a wide range of use in the truly artistic decoration of homes, is not in- 
tended merely to give you a collection of helpful hints but also to sug- 
gest the real possibility of scientific discovery worthy of diligent study, 
whereby we may establish rules that can be safely followed, to aid in the 
triumph of beauty over ugliness. 

In any work of art, the artist must have a definite plan and a 
reason for making choices of colors. Perhaps in no other case does this 
commonly overlooked fact touch our daily lives as it does in the decora- 
tion of homes. My problem was to paint my house and keep it in har- 
mony with its surroundings. It is a large, two-story, frame house with 
a gray roof, red-brick chimney, and red-brick foundation. Most of the 
trees along the street are deciduous, but the few evergreens near the 
house seem somehow to characterize the neighborhood. Therefore my 
choice of colors was guided by my study of an evergreen, the Austrian 
pine—whose basic colors, incidentally, are very different from those 
of the white pine. 

First, I mounted my chosen material on card-board. A small spray 
of the Austrian pine, whose leaves, or needles, made a mass of green, 
was placed in the upper left corner of my mounting board, the stems 
extending downward so as to give a pleasing arrangement in combina- 
tion with specimens of bark from the trunk of the tree—rich dark- 
brown and seal-brown. Here we have varieties to choose from to satisfy 
one’s individual taste. By digging into the tree I discovered bark of a 
rich red, much like the stock color called Pompeian red, and adjacent 
to it I found other bark of a warm gray—all from the same tree and 





beautifully harmonizing as they were mounted side by side by means of 
fine wire on the card-board. 


* A digest of the introductory chapter of a forthcoming book on applications of 
botany. 
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From this assemblage of materials I determined which colors to 
use as basic for my house, which would serve for trimmings, and which 
for the window-sashes. It is permissable to use artist’s license in adapt- 
ing such colors or varieties of them in our decorating schemes. Even 
though the red is so abundant in nature, it must be subdued, never used 
in its full intensity. Alone, it is too severe, too striking; in nature it 
is toned down with dark-brown and further relieved with light-gray. 
This is a fundamental principle. 

After determining the proper colors for the house, we face the prob- 
lem of matching them in paint. The green of the pine needles is easy 
to match, for paint dealers always have it in stock as a standard color, 
namely, moss-green or olive-green. In order to avoid the trouble of 
mixing, I would advise the use of standard colors in stock whenever 
they are what we have discovered in our chosen plant materials. The 
toning down of those that are too intense is easily done, however; for 
example, Pompeian red for window-sashes can be subdued with burnt 
sienna. 

As the work progressed, I watched it carefully, with as large a 
spray of the Austrian pine and as large a piece of its bark as I could 
obtain, comparing the paint on the house with my samples of plant 
materials, and was finally rewarded with a picturesque and harmonious 
effect—which is, indeed, a thing of real beauty. 

Here a few cautions may be timely. It is important to remember 
the essential differences between color-schemes derived from evergrens 
and those derived from deciduous trees. Thus, while green trimmings 
are in harmony with colors characteristic of pine, hemlock, fir, spruce, 
cedar, and other evergreens, houses painted with colors taken from 
deciduous trees should not be trimmed with green. In my research for 
colors among the maples, I have chosen either pure gray or light-lead 
for the body color and have used fawn for the trimming, with a green 
tint for the sashes. Never use black for window sashes, even though 
it has been the conventional thing to do, partly because it has been 
considered inexpensive; for to those who have studied color combina- 
tions black sashes are decidedly ugly and actually offensive. 

After I completed the outside of my house, the next step was to 
make a plan from the same material, the Austrian pine, from which to 
select the several colors for ceilings, walls, and woodwork. The aim 
was to achieve both variety and harmony throughout. I started in the 
kitchen, using a cream’ for the woodwork—my botanical reason be- 





1New colors require new names. The cream shade inside the bark of the 
Austrian pine I call “Austrian cream.” The pearly gray of some parts of the 
under-bark may be designated “Austrian gray,” and the fawn-like tone of other 
parts “Austrian fawn.” Likewise, for the rich color of the inner bark I propose 
the name of ‘Austrian red.” 

—3 AS 
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ing the shade found on the inside of the bark of the pine twigs—and 
a pale pink for the walls and ceiling. In all the bedrooms I used 
cream-white, from stock, for the woodwork enamel, with paper to match 
it on the ceilings and a very light grayish-pink paper for the walls. 
In the dining room the dominant color is a greenish-gray, in halls and 
living room tan and gray, matching tones from the inner bark of the 
pine. (No blues can be used in this special scheme.) I found it neces- 
sary to mix my own colors for halls and living room, obtaining a soft 
velvety-gray by adding small quantities of burnt sienna, Pompeian red, 
and pure black to a stock called “Double Daylight.” 

Painters who study such a plan will never willingly make a house 
dark-gray with cream-white trimmings, or white with green trimmings. 
Moreover, if they have several houses to paint on the same street, they 
will try to use color-schemes chosen from the trees of the neighborhood, 
giving a distinct variety of expressions yet keeping each in perfect 
harmony with its surroundings, so that cach house will be a compliment 
to its fellow in the same degree as the trees are complimentary to each 
other in the forest or in the park. 
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A STUDY OF SOME VEGETABLE ROTS 
OCCURRING IN EVANSTON MARKETS 


Marion L. Dawson 


Northwestern University, Evanston. 


During the fall and winter of 1927-1928 a rather brief survey was 
made of fungous rots of vegetables in Evanston markets. Rotted vegetables 
were brought from the markets to the laboratory and placed in sterile 
dishes under bell jars. A preliminary microscopic examination was made 
immediately in order to determine, if possible, the pathogene present. 
Each pathogene, after being isolated in single-spore culture obtained by 
the dilution method, was tested by planting some of the culture upon 
sound material of the original host, then reisolated and checked with 
the original culture. 

Blakeslee’s agar, prepared as described by Povah (7), was found 
to be most satisfactory for all stock cultures. Bread was used as the 
medium in the taxonomic study of all species of Rhizopus and Mucor. 
About twenty grams of fresh bread, slightly moistened, was placed in 
tall, wide-mouthed bottles of 250 ec. capacity and autoclaved at 15 
pounds pressure for two hours. Many of the Fungi Imperfecti were 
studied taxonomically from cultures grown on the pods of green beans 
prepared in the same way. In order to get uniform results for all 
inoculations with Rhizopus, Harter’s (5) “well-method” was employed ; 
but for those with Mucor, which grew very poorly on sweet potato de- 
coction, green bean decoction made in a similar manner was substituted. 

The sound vegetables to be used for inoculations were thoroughly 
washed in water, sterilized in mercuric chloride solution (1-1000) for 
five minutes, rinsed in several changes of sterile water, and placed in 
a moist chamber. The latter consisted of a soup plate and a bell-jar 
cover which rested on a strip of sterile cotton. Several thicknesses of 
sterile moist filter paper were placed in each chamber. Four vegetables 
were inoculated for each species tested, and control tests were made in 
each case. Observations were continued over a period of seven to ten 
days, though most of the vegetables were completely rotted within five 
days. The work was done at room temperature, which was about 70° F. 
during the day but fell as low as 50° at night and over week-ends. 

In the following list of rots identified in this study, the pathogenes 
here reported for the first time on certain hosts are indicated by an 
asterisk. The characteristics of the rots produced by these organisms 
are briefly described in the body of the paper. 
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LIST OF ROTS FOUND AND FUNGI ISOLATED 


’ Date o 
Disease Pathogene Preah 
Onion 
a ee *Rhisopus nigriCAns «........60cesc00 10/1/27 
a eae RN NN po 5 5 ok 50S ks pee 10/3/27 
Black mold rot........... PI IEE | ono cs oc tes hea danas 9/28/27 
ne ee SON CIS ooo 66 oso Ses ecescscus 9/28/27 
Macrosporium rot ....... Macrosporium parasiticum .......... 9/28/27 
PURI TOE .ksk se iccs *Penicillium glioclacium ............ 1/8/28 
Celery 
ere gle gk E.__ O EP roe r 10/28/27 
TING aks 5 oudss cdeals Septoria petromelini. ...s6s kc ckcceces 3/8/28 
WUE cc Gulaunbotes cue NY WI oo as anes eeu nae 10/16/27 
Macrosporium blight ..... Macrosporium parasiticum .......... 10/1/27 
Cladosporium rot ........ *Cladosporium herbarum ............ 10/15/28 
Gray WME: 166. 0. kocsis STON INO ook cbse devs cteeseeas 12/8/27 
Asparagus 
A a eee eer UES ina. ci cos ds a dseene 3/8/28 
Gray wold rot....:.. ais SEE III oo ue css sv coon ode bo 3/8/28 
Cladosporium rot ........ Cladosporium fasiculare ............. 3/8/28 
Beet 
Fusarium rot... ....6.6..0. *Musarium roeseumM .. ....i..2..cecces 3/12/28 
Rutabaga 
TURTON POE Soke ckccescs ee ee 3/18/28 
PG. seo ods ce cun.ss een *Rhizopus fusiformis .............0. 11/10/27 
Cabbage 
Grey Wiebe T0t. 0k. ckcicce BEE MOR ob sss wednwadedics 3/24/28 
4g. PH UORTIMI GROMER once ices icccscccs 12/6/27 
Black leaf spot........... Alternaria brassicae ................ 2/10/28 
Cauliflower 
Te eed eee Alternaria brassicae ................ 2/10/28 
rey MN BOE 5 isa ceca js nr meee eee 2/10/28 
| re PHUURTMIN GIONS oink con bene e eee 11/10/27 
Pepper 
Maisons TOt onc. cckse eo a 9/28/27 
oe) a a ae i | a er 9/28/27 
Alternaria spot .......... PR CUEE . -okis ota cicncadeeesece 2/12/28 


Giay mold Trot... 2:5... PUNE MOTO cS ok ccc ictewesaden 3/18/28 
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ss 
Disease Pathogene Pan aca 
Cucumber 
AI 55s da. 60am Colletotrichum lagenarium .......... 2/14/28 
po errr rere ee SEO TID oS ac cdc vs cedaceese 2/14/28 
COREY THE io ccicsks cess Pythium debaryanum ............... 2/14/28 
Gray mold rot........... PRIOOU PUNE: CUMING 66 ibs sé cc dcccccvaes 2/14/28 
Penicillium rot .......... RUNNIN SIIIE! ahi. ds Ss cine cocsacees 2/14/28 
PIN BOG NS okswes voces REE UIE kk. de ctenecccecds 10/15/27 
a Serre *Cephalothecium roseum ............ 2/14/28 
Hubbard squash 
WIM THE ok 6s 5 ken seek po ea 3/18/28 
AUANTAOROES | 6 ook sccce sees Colletotrichum lagenarium .......... 3/18/28 
PR eee rere Cladosporium fulvum ............... 3/24/28 
Summer Squash 
i | UR err *Cephalothecium roseum ............ 10/15/27 
Aspergillus rot .......... WINE TURIN 6 once ccc sessekincscs 10/24/27 
Pumpkin 
RISOPES TOE oko cccc ccs CRRIOUN GPPIINED oi vic cic dccs cece 10/26/27 
Macrosporium spot ...... *Macrosporium cucumerinum ........ 3/24/28 
Artichoke 
Gray Mel v6bs. occ. scess ye eer 2/18/28 
Carrot 
Sclerotinia rot .......... Sclerotinia libertiana ...............2/10/28 
PS BOR die ciao peace PO GEVEIGE i iio oc osc cciccnccces 2/12/28 
er eee er PUENTE SED © boas ins Candin ceaderess 2/10/28 
Sweet potato 
are Rhizopus nigricans var. minor....... 2/10/28 
eer MENG GUNNING oss kid ccardicweseucws 12/12/27 
PUSATIGM FOU ccc ccccccs OG GD So. ccc weskvacucenecs 11/15/27 
Lettuce 
Geer Me8S 108.6. hc cccc cess to rr a 2/15/28 
rs i 9/28/27 
Tomato 
Nail-head spot ........... Macrosporium tomato ............... 9/28/27 
Sf arene Cladosporium fulvum ............... 9/28/27 
Se 8 rare ME CHINO ci ck cickccewscescwess 10/30/27 
a ra Rhizopus nigricans var. minor....... 10/28/27 
i re Colletotrichum phomoides ........... 10/25/27 
eer PUNT GENIE onccccaccccivccdens 10/25/27 
Lima bean 
ee eee Colletotrichum lindemuthianum ..... 10/25/27 
a eo eee *Cephalothecium roseum ............ 10/27/27 
Wray WON 160... 6 cca ces UREN CUOIOE 6 ok occ sek ccc cck eee 11/5/27 
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° Date of 
7? og? >, 1 ; e 
Disease Pathogen Collection 
String bean 


Anthracnose ............. Colletotrichum lindemuthianum ..... 11/25/27 
PIO soa Soossseaknas *Mucor circinelloides ............... 9/27/27 
ee | Whinowen WOME 2... occ decescases 11/25/27 
Fusarium rot ............ PPUONTIGT GIGBBRE 5. 6 ce cine ss siawes 2/12/28 
Gray meld rot: ..5......3% DOTTIE. 6 koe cis cosncctecus 11/15/27 
Pea 
Ue ge, See a ae - CT I 855 bo iw sid pons eee 9/27/27 
Pusarium fot... 66 cs85. *Fusarium G1OGANS ..........0ccc0cke 9/29/27 
co ee eee DONE GIN, bo kev ik sawidecnscuees 2/25/28 
ROUROIERGED 6 .o656ckccowes ee | ar 9/25/27 
Radish 
PE OE sc ckdcaniiadtose *Alternaria brassicae ............... 3/25/28 
Rhubarb 
Gray mold rot............ Batre Cee so ik css ccct eae 3/12/28 
Egg plant 
eee Pi PONE ois i.e reba 2/10/28 
MC NG, Fcbiciaiicduewse Mucor GHURMANS «56.6. .s.ceccicces 9/25/28 
Geay mold TOL... .5.. 6.254% I I, ois a si saw eee 3/3/28 
yl ra *Cephalothecium roseum ............ 9/20/27 
Aspergillus rot .......... TR TI oi ook 65 oc ce ee twtwn 9/28/27 
Penicitiium rot .......... *Penicillium expansum .............. 11/10/27 
TRU GI ok oc css 5 cE DE, nck cia cenciiscaes 9/27/27 
COUmOny WOOK och civics Pythium debaryanum ............... 9/29/27 
Potato 
Fusarium rot ............ I OE ooo asia 0 dhadd Sake 12/10/27 
Pee OE ssa cdacivckccs Styeanus stemonitia ... 2. .<ci6ceccs 12/10/27 
Spinach 
SOOO MOOG Si occkksieesaes Cladosporium macrocarpium ........ 3/2/28 
Gray mold T0t. 66.68 6%.% MOtITE CIMBTOR. ovo vicccdesaccauevcun 2/3/28 


NOTES ON ROTS 
ONION 


SOFT ROT, caused by Rhizopus nigricans Ehr.—Early in October, 1927, 
a shipment of white onions grown near Kenosha, Wisconsin, was found to be 
severely infected with a soft, watery rot. Many of the onions in the lower 
layers of the crates exhibited a thick, bushy growth of hyphae and spor- 
angiophores, typical of Rhizopus. Inoculation of healthy white stock resulted 
in the characteristic softening of tissue in five days. The fungus was re 
isolated and identified as typical Rhizopus nigricans. 


PENICILLIUM ROT, caused by Penicillium gliocladium-clonostachys or 
P. roseum group.—A shipment of white bulbs from Texas showed numerous 
water soaked, soft areas easily punctured by the pressure of the finger. 
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These areas enlarged rapidly, and a white mycelium covered the surface, 
followed by creamy-white, powdery spore masses. When the humidity was 
low, the whole bulb shrank to a wrinkled, dry mummy, but with high 
humidity, other fungi and bacteria entered, reducing the entire bulb to a 
soft, decomposing mass. The causal agent produced white colonies tinged 
with buff on Blakeslee’s agar. The conidiophores, 25-45 microns. long, aris- 
ing from coremial fructifications, bear elliptical, pale-green conidia, (4.2-4.8 
by 2.1-3.3 microns.) The reverse of the colony is pale lemon yellow. The 
pathogene was identified by Thom. 


CELERY 


CLADOSPORIUM ROT, caused by Cladosporium herbarum fasciculare 
Corda.—The pathogene first causes brown lesions on the petioles and leaves 
but shortly involves all the surrounding tissue, producing a soft, brown rot. 
Dark olivaceous conidiophores cover the rotted regions. Inoculations, made 
by wounding petioles and leaves and inserting the fungus, produced the 
characteristic Cladosporium rot after seven days. 


ASPARAGUS 


FUSARIUM ROT, caused by Fusarium elegans Wr.—During the winter 
many bunches of asparagus were found with brownish lesions on the stems, 
and the shoots, often were much wilted and entirely brown. The pathogene 
proved to be a Fusarium of the section elegans. Inoculations resulted in 
typical lesions. 


BEET 


FUSARIUM ROT, caused by Fusarium roseum Wr.—A semi-watery rot 
affecting crowns of beets was observed several times. The pathogene proved 
to be a Fusarium of the section roseum. 


RUTABAGA 


FUSARIUM ROT, caused by Fusarium elegans Wr.—Link (7) states that 
species of Fusarium are concerned in the undetermined flora of rutabaga 
rots, but no other record could be found. The pathogene produces a soft 
rot which first affects the crown of the root but gradually reduces the entire 
heart to a soft brown mass. Isolations showed the fungus to belong to the 
section Fusarium elegans. 

RHIZOPUS ROT, caused by Rhizopus fusiformis Dawson & Povah.—In 
the check list of diseases of economic plants (1) there is no report of 
Rhizopus on rutabaga, but Harter and Weimer (4) found seven species of 
this genus able to infect this plant. In November, 1927, locally grown ruta- 
bagas showed a heavy infection of a fungus, which, when isolated in pure 
culture, proved to be a new species of Rhizopus, which has since been de- 
scribed (2). The disease caused a general softening of the root, which 
progressed until the entire rutabaga became a soft, mushy mass covered 
finally by pale-gray, web-like mycelium (Fig. 6). It was noted that the in- 
fection developed very much more slowly than infections by other species of 
Rhizopus, and that it never attained the soft watery state of rots caused by 
them. 
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CABBAGE 


FUSARIUM ROT, caused by Fusarium elegans Wr.—In December, 1927, 
a shipment of storage cabbage from Michigan showed peculiar symptoms: a 
dwarfing of the midribs, causing a corrugation of the leaf blades, and a 
browning of the smaller veins. A Fusarium of the section elegans was 
isolated from the diseased areas, and inoculations of healthy cabbages pro- 
duced the same browning of the veins and semi-watery rot. 


CAULIFLOWER 


FUSARIUM ROT, caused by Fusarium elegans Wr.—During the fall of 
1927 when the market was supplied with locally-grown cauliflower, many of 
the heads were found to be spotted with wet, black, decaying areas. They 
differed in their semi-watery condition from dry rot spots caused by Alter- 
naria brassicae. The organism, when isolated, was found to be a species of 
Fusarium belonging to the section elegans. The typical rot was obtained by 
inoculation tests. 


GREEN PEPPER 


FUSARIUM ROT, caused by Fusarium discolor Wr.—While home-grown 
green peppers were on the market in the fall of 1927, cases of a brown 
gelatinous rot were observed, which yield a Fusarium belonging to the 
section discolor. Inoculations gave one hundred per cent infection. 


CUCUMBER 


GRAY MOLD ROT, caused by Botrytis cinerea Pers.—A shipment of 
California cucumbers in February, 1928, was found to be badly infected with 
Botrytis cinerea. The pathogene caused peculiar water-soaked lesions one 
to two millimeters in length, which later became brown and were covered 
with the fruiting bodies of the fungus. Inoculations of healthy cucumbers 
produced positive results. 

PENICILLIUM ROT.—Penicillium sp. was isolated from cucumbers on 
the market many times. The disease is first indicated by circular soft spots 
in which the rind apparently has not been broken. Later these areas are 
covered with olive-green spore masses. The entire fruit soon is involved and 
becomes a soft shrunken mass covered with spores. Colonies in Blakeslee’s 
agar are dusky olive-green (9), velvety in appearance, with a yellow to red- 
dish reverse. Conidiophores are 80-150 microns. in length, mostly arising 
separately, partly arising as short branches, from portions of the hyphae 
just above the substratum. Conidia are elliptical, (3.5-3.8 by 2-2.5 microns.), 
green, granular. 

FUSARIUM ROT, caused by Fusarium roseum Wr.—A rot which pro- 
gresses rapidly, resulting in a semi-watery decay of the cucumber, and from 
which a Fusarium belonging to the section elegans was isolated, was observed 
on home-grown cucumbers many times in October, 1927. Link (7) mentions 
a Fusarium as causing a rot on Florida-shipped fruits. Inoculation tests 
established the pathogenicity of the organism. 
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PINK MOLD ROT, caused by Cephalothecium roseum Corda.— C. roseum 
was reported by Laubert (6) in 1911 as the cause of bitter rot of melons. 


a The author observed a similar effect on cucumbers. Inoculations proved that 
a the pathogene was able to infect the host only through a wound, producing 
a a rapid dry rot, which turned the flesh brown and very bitter. 

aS 

O- SUMMER SQUASH 


PINK MOLD ROT, caused by Cephalothecium roseum Corda, is a dry rot 
of summer squash, similar to that observed in the cucumber. 
ASPERGILLUS ROT, caused by Aspergillus niger Van Tiegh.—From in- 


of oculation experiments, Aspergillus niger, like Cephalothecium, is judged to 
of be a weak wound parasite. However, it was observed producing a brown dry 
ay rot which spread quite rapidly through the flesh of the summer squash. 

re 

of PUMPKIN 

by 


RHIZOPUS ROT, caused by Rhizopus arrhizus Fischer, was of major- 
importance among pie pumpkins on the market during October and Novem- 
ber, 1927. The pathogene produced a general softening of all the tissues 
before the mycelium appeared. 


MACROSPORIUM SPOT, caused by Macrosporium cucumerinum El. & 

i Ev.—M. cucumerinum is generally prevalent as a leaf-blight fungus of cu- 
curbits, but it has never been reported as parasitic on the fruits of pumpkins. 
It was observed on a pie pumpkin that had been in storage for several 
months, producing dark-colored, shrunken areas, irregularly distributed. 
The lesions varied in size and shape, and soon became covered with a black 

of mass of spores and a weft of grayish mycelium. 

th 

ne LIMA BEAN 

a PINK MOLD ROT, caused by Cephalothecium roseum Corda.—The causal 
organism, Cephalothecium roseum, has never been reported as causing a rot 

si of lima beans. However, it was observed on a majority of the home-grown 

‘a pods during the fall of 1927. The rot occurred in brown, circular-spreading 

vm areas which extended into the inner flesh of the pod and even to the beans. 

” Inoculations of healthy pods produced the same injury. 


; GRAY MOLD ROT, caused by Botrytis cinerea Pers.—During the cooler 





2’ 

4 weather of October, 1927, Botrytis cinerea was observed destroying all of the 
’ lima beans in the lower layers of several market display baskets. The rot 
m was recognized by the gray sunken lesions on the pods which soon gave rise 
) to a characteristic gray mycelial mat. 

O STRING BEAN 

m MUCOR ROT, caused by Mucor circinelloides Van Tiegh.— Several times 
ed during the early fall months of 1927, Mucor circinelloides was observed caus- 
ns ing a soft brown rot on the pods of green beans. The symptoms were quite 
sts 


similar to those of Rhizopus, but the decay progressed more slowly. The 
pathogene enters through a wound and, under moist warm conditions, may 
reduce the beans in the lower layers of the display baskets to a slimy mass. 
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PEA 


MUCOR ROT, caused by Mucor hiemalis Wehm, was observed spreading 
rapidly through entire crates of locally-grown peas on the market in Septem- 
ber, 1927. The pods presented irregular, dull, brown lesions which under 
moist conditions gave rise to the copius mycelium of Mucor hiemalis. As 
the rot progressed, the entire pod assumed a dull, brown, corrugated appear- 
ance, in many cases spreading to the seeds within. 

FUSARIUM ROT, caused by Fusarium elegans Wr.— Locally grown gar- 
den peas on the market during the fall of 1927 were found to be very 
severely infected with a slimy, soft, brown rot, which at first was considered 
bacterial in origin. Isolations yielded Fusarium elegans, which when rein- 
oculated into healthy pods, produced similar symptoms. The rather large, 
greasy, water-soaked lesions soon became brown and slimy, finally affecting 
the seeds within the pod. The disease, even in its early stages, greatly 
lowers the market value of the affected peas. 


RADISH 


BLACK ROT, caused by Alternaria brassicae (Berk.) Sace.—Both red 
and white varieties of radishes in the market were susceptible to a black 
dry root-rot. The diseased tissue was not disintegrated, but the black color 
and the cracked misshapen character of the roots rendered them unsuitable 
for table use. Isolations from diseased tissues showed the pathogene to be 
Alternaria brassicae. Link and Gardner (7) mention black rot of radishes 
as an important market disease, but do not name the fungus concerned. 


EGG PLANT 


RHIZOPUS ROT, caused by Rhizopus nodosus Namysl.—Harter and 
Weimer (4) state that the common occurrence of Rhizopus on egg plant 
has been repeatedly observed by inspectors of the Bureau of Markets of the 
United States Department of Agriculture. However, no record is given in 
the check list of diseases of economic plants (1), nor do Link and Gardner 
(7) mention Rhizopus as causing a rot of egg plant in Chicago markets. 
In September, 1927, many egg plants in local markets were being quickly 
destroyed by a rot in which the pathogene, when isolated and identified, 
proved to be R. nodosus. It was determined by inoculation experiments that 
infection takes place through a wound. The disease appears at first as a 
circular tan area which spreads rapidly. The entire fruit becomes a soft, 
mushy mass before the weft of mycelial threads appear. The complete 
decay of the egg plant was often noted in less than four days. This is con- 
trary to Harter and Weimer (4), who report negative results with inoculation 
experiments. 

MUCOR ROT, caused by Mucor abundans Povah.—A serious spotting of 
the fruit of egg plant was observed in October, 1927. The parasite, when 
isolated, proved to be Mucor abundans. From a study of the inoculated egg- 
plants the progress of the rot is approximately as follows: The affected 
parts of the fruit lose their purple color and become yellowish brown. The 
fruits are never entirely decayed but become so badly spotted as to be un- 
salable. The tissue is softened, although not so rapidly as in Rhizopus in- 
fection. 




















Papers Presented in the Twenty-third Annual Meeting 139 





PINK MOLD ROT, caused by Cepahlothecium roseum Corda.—The 
affected spots of the egg plant lose their purple color and become bitter and 
dry and thickly covered with the salmon pink spores of the fungus. Soft 
rot organisms enter readily, soon reducing the entire fruit to a soft, watery 
mass. 

ASPERGILLUS DRY ROT, caused by Aspergillus niger Van Tiegh, is 
a dry rot of egg plant fruits very similar to that caused by Cephalothecium 
roseum, 

PENICILLIUM ROT, caused by Penicillium exrpansum Link.—The fungus 
depends primarily for entrance upon injuries to the skin of the egg plant. 
A water-soaked, soft area appears, easily punctured by the pressure of the 
finger. As it enlarges, powdery masses of creamy white spores develop over 
the surface of the spots. This is accompanied by a general shrinking of the 
entire egg plant. If the humidity is high, the fruit frequently flattens out 
into a decomposing, softened mass. Inoculations of healthy fruits gave a 
consequent rotting in each case. The pathogene was identified by Thom as 
belonging to the erpansum group of the genus Penicillium. 


INOCULATION TESTS 
Ru1zopus 


Rhizopus was isolated from twelve different hosts :—beans, carrots, 
cucumbers, egg plant, onions, peppers, pumpkins, rutabagas, sweet po- 
tatoes, summer squashes, Hubbard squashes, and tomatoes. Of these, 
onion, rutabaga, and pumpkin are new hosts. In the past, crop losses 
due to Rhizopus have usually been attributed to R. nigricans, but in this 
survey R. nigricans and its variety minor were isolated from four hosts: 
R. arrnizus also from four; and R. nodosus from three. A new species, 
R. fusiformis, was isolated from a serious rot of rutabaga. 

The parasitism of these five species of Rhizopus was tested on 
healthy material of each host from which they had been isolated. The 
results were positive in all cases except in attempts to inoculate onion, 
rutabaga, sweet potato, green bean, and carrot with FR. nigricans minor 
isolated from tomato. A discussion of the results from each species 
follows: 

thizopus arrhizus—The progress of the rot produced by R. arrhizus 
varied considerably on the different hosts. Relatively juicy vegetables, such 
as tomato and cucumber, when inoculated, were reduced to a watery, rotted 
mass in three days, whereas sweet potatoes were not completely decayed 
until six days after inoculation. The pathogene caused a complete softening 
of the tissue of egg plant, onion, rutabaga, carrot, squash, and pumpkin 
before the mycelial weft appeared on the surface. Green beans and peppers 
were reduced very rapidly, usually in as brief a time as two days. 

2hizopus fusiformis:—The slow development of R. fusiformis has been 
mentioned under rots of rutabaga. Figures 2 and 4 show the progress of R. 
nodosus and R. fusiformis on egg plants. The egg plant in Figure 3, which 
had been inoculated with R. nodosus, was completely decayed within seventy- 













140 Transactions of the Illinois State Academy of Science 























Fig. 1. Cucumber and tomato three days after inoculation with Rhizopus 
fusiformis. Fie. 2. Tomatoes five days after inoculation with Mucor 
abundans, fruit at left showing leak. Fic. 3. Eggplant three days after in- 
oculation with Rhizopus nodosus. Fic. 4. Eggplant nine days after inocula- 
tion with Rhizopus fusiformis. Fic. 5. Pumpkin ten days after inoculation 
with Macrosporium cucumerinum, Fie. 6. Rutabaga six days after inocula- 
tion with Rhizopus fusiformis. 
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two hours, whereas the one shown in Figure 4, which had been inoculated 
with R. fusiformis, was not completely decayed until nine days later. 
Similar results were obtained with other vegetables. On each of the twelve 
hosts R. fusiformis produced a complete softening of the tissues at the end 
of nine days. Aerial hyphae never appeared until three days after inocula- 
tion, and then only on inoculations of juicy vegetables. Figures 1 and 2 
show the relatively small amount of decay on cucumber and tomato after 
three days. 

Rhizopus nigricans and R. nigricans var. minor:—Rhizopus nigricans 
was isolated from onions and beans, and its variety minor from tomatoes 
and sweet potatoes. The strain isolated from onions proved to be especially 
virulent, producing a rapid, wet rot that completely decayed in three days 
all twelve hosts inoculated. The variety isolated from tomatoes proved to 
be a weak parasite. Apparently there is some physiological variation in 
the strain which may account for its weak infection of carrot, rutabaga, 
sweet potato, green bean, and onion. 

Rhizopus nodosus:—Although Harter and Weimer (4) in their studies 
on Rhizopus rots found that R. nodosus produced no infection on egg plant, 
the writer isolated the species twice from this fruit. In each case it was a 
most vigorous parasite. Figure 3 shows complete decay of egg plant within 
three days after inoculation with this species. 


Mvcor 


Species of Mucor are not generally conceded to be vegetable 
parasites. Harter (3) in a physiological study of M. racemosus Fresen, 
found that the fungus was of little economic importance as a storage 
rot of sweet potatoes, except at rather low temperatures. In the present 
study M. abundans, M. circinelloides, and M. hiemalis were isolated 
from rots of egg plant, beans, and peas. The decay was never as rapid 
as that produced by Rhizopus. The parasitism of these species of Mucor 
on ten vegetable hosts was tested by a series of inoculations; with re- 
sults as summarized in the following table. Each test was continued for 
ten days. Infection by M. abundans was 100%, by M. hiemalis 70%, 
and by M. circinelloides 50%. 

Mucor abundans was found to be the most vigorous parasite, infecting 
all ten hosts. Onions showed a progressive soft rot in three days. Tomatoes 
were completely rotted in the same length of time (Figure 2). Sweet 
potatoes and Irish potatoes rotted very slowly, their tissue becoming gray 
and stringy at the end of ten days. Asparagus tips, inoculated either 
through a wound or without a wound, showed rot in five days. 

Mucor hiemalis produced no rot on carrot, sweet potato, or Irish potato. 
On peas, beans, egg plant, asparagus, onions, tomatoes, and peppers, however, 
it produced rots similar to M. abundans. 

Mucor circinelloides appeared to be the weakest pathogene of the three 
species, infecting only peas, beans, asparagus, tomato, and pepper. Possibly 
this species might attack more vigorously at lower temperatures, as Harter 
(5) found in the case of M. racemosus on sweet potatoes. 
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RESULTS OF INOCULATION TESTS WITH THREE SPECIES OF MUCOR 
ON TEN VEGETABLES 








Mucor | Mucor Mucor 
Vegetables inoculated | circinelloides hiemalis abundans | Control 
| from bean | from pes | from egg plant 


| 

| 

| 
} 





Irish potato........... me 
Sweet potato..... 


Egg plant.......... es 
ee . £ 
Bean...... ae = 
Asparagus........... ve é 
Tomato : 4. en 
a... ee ud i 4 


SUMMARY 


1. A brief survey has been made of rots caused by fungi isolated 
from vegetables found in Evanston markets. Of these pathogenes, 
twenty-eight are heretofore unreported for their various hosts. 

2. The rot caused by Rhizopus fusiformis, which was isolated from 
rutabaga, is described for the first time in detail, and results of inocula- 
tions with it on other vegetable hosts are given. 

3. Inoculation experiments with five species of Rhizopus and 
three of Mucor are described. 
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INFLUENCE 
UPON 


OF NUTRITIONAL BALANCE 
THE DEVELOPMENT 
OF CORN PLANTS 
BY 
Georce H. DuNGAN 
University of Illinois, Urbana. 

The purposes of this investigation were: first to determine the in- 
fluence of an excess and of a deficiency of each of the three so-called 
“fertilizer elements” in the soil upon the amounts of these elements 
utilized by corn plants; and, second, to obtain information on the effect 
of this fluctuating nutrient supply upon the type of plant produced. 


MeETHODS 


Stone jars, 1014 inches in diameter and 24 inches deep, were filled 
to within two inches of the top with white lake sand, each jar holding 
approximately 100 pounds. This sand was leached by pouring through 
it four washings of clean rain water that had been collected into a 
cistern from the roof of the greenhouse. Seed of a selfed strain of yel- 
low corn was planted in the sand on May 17 in 1924 and on May 19 
in 1925. 

Soon after emergence of the plumules nutrients were added to the 
water that was applied to the jars. Table 1 shows the materials that 
were used in making up the stock riutrient solutions. 


TABLE 1 


CONCENTRATION OF THE CHEMICAL COMPOUNDS USED IN MAKING 
UP THE STOCK SOLUTIONS FROM WHICH THE NUTRIENT 
SOLUTIONS WERE PREPARED 



























| Quantity Molecular | Strength of 
Chemical comrounds used con- solution in 
(grams) centration per cent! 

NaNOs.. 250 1.47M 12.5 
NasHPO, 12 HO 65 M/11 3.25 
NaH.PO, H.O 25 M/11.04 1.25 
KCl 85 M/1.56 4.75 
CaSO, 2 H.0O..... 50 M/6.86 2.50 
MgSO, 7 H.O 50 M/9.42 2.50 
























1 Made up to two liters. 
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The nutrient solution applied to the check plants in the series con- 
tained 20 cc. of each stock solution, together with approximately 2 ce. 
of ferric citrate solution and was made up to four liters. The amount 
of this diluted solution added to each jar at each application was 250 ce. 
The cultures containing excess nitrogen, phosphorus, and potassium 
were supplied with nutrients prepared in the same manner except that 
the amount of the stock solution containing nitrogen, phosphorus, and 
potassium was doubled. The deficient nitrogen series received one-half 
of the amount of nitrogen that was supplied to the check, whereas the 
deficient phosphorus and deficient potassium cultures received only one- 








A box was built around the jars and saw-dust was packed between and 
around the jars. By wetting the saw-dust frequently the temperature of the 
sand was kept from rising appreciably above that of normal soil. 


twentieth the standard quantity of phosphorus and potassium. Later in 
the season the concentration of the nutrients in the solution applied 
was doubled, but the proportions were unchanged. 

Each treatment of the 1924 experiments was run in quintuplet, and 
each treatment of the 1925 tests was run in triplicate. 

In order to protect the cultures from excessively high temperature 
that would result from exposure of the sides of the jars to the sunlight. 
a wooden enclosure was built around the jars, and this was filled with 
sawdust which was kept wet. The arrangement is shown in the accom- 
panying figure. 
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When the plants were coming into tassel the unused nutrient solu- 
tion was washed from the jars. This was done by adding clean rain 
water until the entire pore space of the sand was filled, and allowing 
the jars to stand an hour in this water-logged condition before being 
drained by the removal of the stoppers from the bottom of the jars. 
When drainage had ceased, the stoppers were replaced, more water 
added, and the process repeated. The leachings were caught and 
tained for analysis from two jars in each treatment series. 


RESULTS 


Utilization of Elements ——The quantity of nitrogen, phosphorus, 
and potassium that was applied to each jar and the percentage of these 
elements retained after leaching the cultures at the end of the vegetative 
phase of the corn plant’s development are presented in Table 2. 

The data show that an excess of phosphorus and potassium and a 
deficiency of nitrogen increased the relative amount of nitrogen retained 
by the plants. On the other hand, conditions resulting from excess 
nitrogen, deficient phosphorus, and deficient potassium were accom- 
panied by a lower nitrogen utilization than in the check. 

\ deficient supply of phosphorus in the nutrient solution tended to 
increase the plant’s efficiency in the absorption of the small quantity of 


TABLE 2 


EFFICIENCY IN UTILIZATION OF NITROGEN, PHOSPHORUS, AND 
POTASSIUM BY CORN PLANTS GROWN IN SAND CULTURES TO 
WHICH THESE ELEMENTS WERE ADDED IN 
DIFFERENT PROPORTIONS 








Nitrogen | Phosphorus Potassium 
Point 
in which the | 





proportion of Applied Absorbed! | Applied Absorbed! | Applied | Absorbed! 

















elements differed to by plants | to by plants to by plants 
each jar | per jar | ¢ each iar per jar? | each jar per jar® 
| | } 
| | | | 
Milligrams| Per cent | M Milliarams| Per cent | Milligrams| Per cent 
Nx2....| 3858.75 | 89.06] 527.81 54.08 | 2,085.0 71.77 
 ) ee eS 38 98.43 | 1,055.62 | 54.18 | 2,085.0 83.64 
|S} See 98.54 | 527.81 | 65.04 | 4,170.0 76.37 
Check..................] 1,929.38 97.79 | 527.81 | 65.09 | 2,085.0 71.52 
23,2... : 811. = 98.01 | 527.81 53.97 2,085.0 63.97 
P x 1/20 1,929.: 90.82 26.39 | 74.69 | 2,085.0 } 53.39 
- 3/00. | 1,877. 03 | 96.34 513.73 | 52.02 | 101.51 22.43 








1The data under “amount absorbed by plants per jar” may be slightly in ex- 

cess of the actual amount absorbed since there may have been small quantities of 
the essential elements adsorbed by the sand. 

Analyses made by H. A. Lunt, Agronomy Department, University of Illinois. 

mi s Analy ses made by Roger H. Bray, Agronomy Department, University of 

inois. 
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this element available. A markedly low quantity of potassium was ac- 
companied by a low efficiency in the absorption of phosphorus. Neither 
an abundant supply of nitrogen, phosphorus, and potassium, nor a 
limited quantity of nitrogen was associated with an increased efficiency 
in phosphorus retention. 

On the other hand, the data indicate a superior efficiency in the re- 
tention of potassium by the plants in the excess nitrogen, phosphorus, 
and potassium cultures compared to the check and a low efficiency in 
cultures having a deficient supply of these elements. The meager utili- 
zation of potassium by the plants receiving only one-twentieth the 
normal quantity of this element is striking. 

The seeming inconsistency of these results is believed to be due to 
a number of factors: (1) The corn plant is particularly sensitive to 
disturbance in its physical and nutritional environment. Investigators 
have repeatedly experienced difficulty in getting corn plants to come to 
normal maturity in jars of sand or soil. (2) These particular plants 
were supplied with the various essential elements at intervals during 
their entire growing period instead of giving them access to the total 
quantity at the beginning. The quantity of nutrient solution added each 
day was roughly in proportion to the moisture needs of the plants. 
During the early part of the season when the plants were small and the 
weather comparatively cool, a smaller quantity of nutrient was supplied 
than later. This in all probability did not meet the nutritional require- 
ments of the plants at different stages of their growth, even in the check 
culture, which received what was calculated to be a balanced proportion 
of essential elements. (3) Selfed lines of corn in general are likely to 
be narrow in their adaptional ability and thus less capable than open- 
pollinated strains of adjusting themselves to the extremely abnormal 
conditions to which the plants in this experiment were subjected. 

Yields of Tops and Roots.—After the corn plants were mature the 
entire crop including the roots was harvested, reduced to a water-free 
condition, and weighed. Since very little grain was produced in any of 
the cultures, the vield of this part of the crop is not presented separately. 
It may be of interest to state, however, that the largest quantity of grain 
was produced by the plants in the jars receiving a double portion of 
nitrogen. There was some grain produced by the cultures receiving a 
double quantity of phosphorus and potassium and also by the checks. 
The amount of grain produced by the plants that received a deficient 
quantity of the three essential elements was very small. 

The average weights of the tops and roots of the crops grown dur- 
ing the seasons of 1924 and 1925 are presented in Table 3. 








e 


e 
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The heaviest plants—both tops and roots—were produced by the 
cultures receiving a double quantity of potassium. Concomitantly, the 
smallest plants were the ones that received a deficiency of potassium. 
The proportion of roots to tops was also the lowest in the case of the 
jars that received potassium in meager amounts. Although a low sup- 
ply of available potassium resulted in small top growth, the root de- 
velopment was even more reduced. Poor root development was evidenced 
before harvest in the tendency of these plants to lodge. 

The plants that ranked second in dry weight were those that were 
supplied with an excess of nitrogen. But even though the weights of 
tops and roots of these plants were greater than in the check plants, the 
proportion of roots to tops was practically the same as for the check. 
With a reduced supply of nitrogen the tops and roots were lighter, but 
the top growth was reduced to a greater degree than the roots. The pro- 
portion of roots to tops was 47.83 per cent, as compared to 43.28 per cent 
for the check. The type of growth of the high and low nitrogen series 
as indicated by plant height measurements is interesting. The high 
nitrogen plants were distinctly shorter than the check plants. while the 
low nitrogen plants were markedly taller. The plants of the low nitrogen 
plants were markedly taller. The plants of the low nitrogen series were 
very slender while those of the high nitrogen treatment were stocky. A 
deficiency of nitrogen also delayed the maturity of the plants. 

Twice the normal application of phosphorus did not greatly influ- 
ence the weights of tops and roots as compared to the check treatment : 


TABLE 3 


YIELD OF TOPS AND ROOTS PRODUCED BY CORN PLANTS GROWN 
IN JARS OF SAND TO WHICH WERE ADDED NUTRIENTS 
DIFFERING IN SEVEN PARTICULARS 


(AVERAGE OF 1924 AND 1925 CROPS) 

















| Average weight of corn | | 
plants produced in P ti | Average 
Point in which the proportion | each jar } pasar | height 
of elements differed es "ake ath | of plant at 
| — | maturity 
Tops Roots | 
| | 
| Grams Grams | Per cent cm. 
i es pet cee eal 83.9 36.1 | 43.03 179.1 
Px2 | 69.2 32.4 | 46.82 190.0 
a TEESE 85.5 | 43.9 | 51.35 223.7 
LL, SRST POT Ee 71.4 30.9 43.28 | 223.7 
., | 60.0 28.7 47.83 | 225.5 
45.2 29.0 64.16 | 173.0 
40.0 10.6 26. 50 174.0 
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yet a slight adjustment occurred in the direction of a somewhat higher 
percentage of roots. A deficient supply of phosphorus resulted in a 
marked reduction in top growth and an almost normal root growth, 
thus giving a root-to-top ratio of 64.16 per cent, the highest of all the 
treatments. The average plant height in this culture was the lowest of 
all the treatments. The rate of development of the plants of the deficient 
phosphorus series was very slow. These were the last of all the plants 
to mature. 


SUMMARY 


Growing pure-line, or selfed, corn plants in sand cultures to which 
were added salts of nitrogen, phosphorus, and potassium in varying pro- 
portions showed that an excess of nitrogen and phosphorus was accom- 
panied by a reduced efficiency on the part of the plant to remove these 
elements from the culture solution. This tendency did not manifest it- 
self in respect to excess potassium. A deficient quantity of nitrogen and 
phosphorus resulted in a more efficient use of the limited quantity of 
these elements available. A low supply of potassium was accompanied 
by a very poor utilization of this element. 

High-nitrogen cultures produced corn plants that were stocky and 
sturdy in stature. The yield was good and the proportion of roots to 
tops was normal. Low nitrogen resulted in tall, slender, late-maturing 
plants with a relatively high root-to-top ratio. High phosphorus pro- 
duced almost normal plants, but low phosphorus gave a poor, late- 
maturing top growth and an almost normal root growth. High potas- 
sium resulted in very large plants with a relatively extensive root growth 
in contrast to those plants receiving a low supply of potassium which 
had a small top growth and an extremely limited root growth. 
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THE LIGNEOUS FLORA OF LAWRENCE COUNTY 
BY 


S. H. Eaton 


Lawrenceville. 


Upon the suggestion of Dr. Robert Ridgway, the well-known 
ornithologist and naturalist of Olney, Illinois, with whom I spent a 
large part of my spare time during the last three years of his life, I 
began in 1927 the collection and identification of the woody plants of 
Lawrence County. Having had free access to Dr. Ridgway’s personal 
collection and the benefit of his personal opinion, my collections have, 
as I believe, been determined with more than usual accuracy. Some 
specimens were referred to others also, as will be noted further on; but 
I have generally avoided varietal forms and hybrids, since these are 
distinctly in the realm of specialists. 

The following list of woody plants appears to be nearly complete 
for Lawrence County. However, some native species may have been 
extirpated, or at least are now so rare that I have overlooked them. 
Richland County, with a much less diversified terrain, has a greater 
variety of species. Several willows, viburnums, and hawthorns were 
found by Dr. Ridgway, which I have not noticed in Lawrence County. 
Of those, I was shown Salix tristis, Viburnum affine, and Crataegus 
Barretiana. Lonicera dioica and Grossularia Missouriensis were seen on 
various trips. One of the most interesting areas is a prairie draw in- 
cluding over a mile of crab apple trees in an irregular strip from 50 to 
300 yards wide. Here, apparently all the native local species grow, and 
there are many bewildering hybrids. 

The change that has been brought by cultivation and lumbering 
in the woodlands and forests of Lawrence County has made the estima- 
tion of the relative abundance and distribution of all species, as they 
originally occurred, a matter of conjecture. Undoubtedly most of the 
woody plants have decreased, both in abundance and in range, but some 
may have increased. My list is concerned only with present conditions. 

I have not studied the local geology in much detail from a botanical 
standpoint ; but it may be said that Lawrence County consists largely of 
alluvial bottom lands, marshes, low sandy hills, and rolling country with 
clay soil. A relatively small area in the eastern part of the county con- 
sists of comparatively high hills, which reach an altitude 500 feet above 
sea level, and there was formerly a small area of natural prairie in the 
eastern part of the country. 
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On the accompanying map, I have marked some special features 
of the country’s terrain that appear to have some particular significance 
with respect to the type of vegetation found on them. ‘These are as 
follows: 

A. The Robeson Hills, on the eastern edge of the county and about 
3 miles north of Vincennes, are a small region, perhaps 5 or 6 square 
miles in area, of steep hills, in which is to be found most of the large 
timber remaining on high ground in the county. The more common 
trees in this locality are oak, ash, beech, maple, linden, tulip tree, coffee- 
nut, elm, walnut, and butternut. Hickory is scarce. 
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B. Allison Prairie lies just to the west of the Robeson Hills. This 
is a relatively barren area of some 12 square miles extent, now generally 
dry except for the artificial Lake Lawrence. Formerly it was part 
marsh, part woodland, and part sandy prairie. Of the various plants 
formerly there, only small willows, coral-berry, sassafras, and cornels 
are left. 

C. Bottomlands of the Wabash and Embarrass rivers constitute 
an appreciable part of the area of the county. They contain in general 
the same species of lowland trees and shrubs, as is noted in the list 
which occupies the later pages of this article. 
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D. The King Hill, or “Clay Hill,” area to the north of the town 
of Sumner is the highest point in the county. The characteristic trees 
of this section are the red and white oaks, sassafras, sugar maple, and 
hickories ; and among the latter should be noted Carya glabra, occurring 
here only and not in any other part of the county. 

E. Big Slough Bottom, in the northwestern corner of the county 
but separated by several miles from typical bottomland at present, is 
dry part of the year. Nevertheless, it contains essentially the same 
species of trees and shrubs as are to be found on the river bottomlands. 

Aside from the rivers and smaller streams, there are but four 
important aquatic situations. By reference to the map it may be seen 
that these all lie in the eastern part of the county, none of them far 
removed from the region known as Allison Prairie. Their characteristics 
are as follows: 

1. Robeson Pond runs roughly north and south and separates 
Allison Prairie from the Robeson Hills region. Its more conspicuous 
water plants include Nymphaea, Nelumbo, and Castalia, and the woody 
plants on adjacent ground are chiefly willows, cottonwood, buttonbush, 
honey locust, and pecan. 

2. Lake Lawrence, an artificial pond in the Allison Prairie, is of 
comparatively recent formation and boasts but little in the way of 
plants. Cat-tails are abundant on its shores, as are also some willows. 

3. Beaver Pond, situated just to the west of Allison Prairie, has 
Nymphaea among its conspicuous aquatic forms, and on its banks are 
willows, buttonbush, and cornels. 

4. Miller Pond, lying to the north of Allison Prairie and the 
Robeson Hills, perhaps halfway to Russelville, contains no aquatic plants 
of the larger species, and in its neighborhood the woody plants have 
been extirpated, with the exception of a few pecans. 

In general, the nomenclature I have used is that employed by 
Charles C. Deam in his well-known works on the trees and shrubs of 
Indiana. 

Tarodium distichum (L.) Richard, the BALD CYPRESS, is represented in 
Lawrence County by only two individuals. In a boggy creek bottom in 
the northeast part of the county (the approximate situation is marked 
1 on the map), stands a tree about 12 feet in circumference and 80 feet 
high. It has an enormous root system with the usual “knees.” A 
seedling, which grows nearby, has attained a height of 20 feet. 


Juniperus virginiana L., the common JUNIPER, or RED CEDAR, has been 
so widely and abundantly introduced that it is difficult to determine 
whether even the most remote specimens have not grown from the seeds 
of planted trees. But I am inclined to consider it a very rare native. 
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Salix nigra Marsh., the BLACK WILLOW, is very common. 

Salix longifolia Muhl., the LONG-LEAF, or SANDBAR, WILLOW, is very 
common along the rivers and streams and often reaches a height of 40 
to 50 feet. 

Salix amygdaloides Anders., the PEACH-LEAF WILLOW, is rare. It is 
found only on Allison Prairie, where it occurs as second growth. 

Salix discolor Muhl., the familiar PUSSY WILLOW, is common in all the 
wet and swampy places in the county. 

Salix humilis Marsh., the PRAIRIE, or UPLAND WILLOW, is common in 
many localities, preferring in Lawrence County, as in the other parts of 
its wide North American range, the drier uplands and prairies. 

Salix sericea Marsh., the SILKY WILLOW, so remarkable for the bright 
silvery undersurface of its leaves, is common in the moister situations 
in several localities. 

Salix cordata Muhl., the HEART-LEAF WILLOW, is also common locally, 
and is to be found with two rather distinct leaf forms. 

Salix missouriensis Bebb, the MISSOURI WILLOW, known generally as a 
Mississippi River shrub, is represented by one specimen only. 

Salix alba L., the WHITE WILLOW has been introduced and is occasionally 
seen naturalized. On Allison Prairie there is a tree of this species 21 
feet in circumference. 

Populus deltoides Marsh., the COTTONWOOD, or CAROLINA POPLAR, is 
very common, especially in the low woods along streams. 

Populus heterophylla L., the SWAMP COTTONWOOD, is common locally, and 
is to be met with particularly around old ponds and swamps. It is, how- 
ever, absent from the more recently formed water courses. 

Populus grandidentata Michx., the LARGE-TOOTHED ASPEN, is represented 
by a group of half a dozen trees, which grow on a ridge south of Indian 
Creek (II on the map). These appear to be all that occur in the 
county, and this is particularly remarkable as there is a similar, but 
much larger, group in Richland County, to the west of us. 

Populus alba L., the SILVER-LEAF POPLAR, has been repeatedly introduced, 
and spontaneous trees have been seen in several places. 

Juglans nigra L., the BLACK WALNUT, is both common and generally dis- 
tributed. 

Juglans cinerea L., the BUTTERNUT, is common is a few areas, notably 
A and D. 

Carya illinoensis (Wang.) K. Koch, the Pecan, is very common and extends 
northeast and northwest into Crawford County. An interesting hybrid 
between this and C. laciniosa has been found here and it bears a very 
fine, delicious nut. 

Carya cordiformis (Wang.) K. Koch, the PIGNUT HICKORY of the Wabash 
Valley, is common in all our wooded sections. 

Carya ovata (Miller) K. Koch, the SHELLBARK HICKORY, is a common 
tree in many situations. 

Carya laciniosa (Michx. f.) Loud., the BIG SHELLBARK, is common also, 

and in our county has an extremely variable nut. 
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Carya alba (L.) K. Koch, the WHITE HICKORY, is a common upland tree 
and has two nut forms. 

Carya ovalis (Wang.) Sarg., the SMALL-FRUITED HICKORY, is likewise 
a common upland tree, and has two or more nut forms. 

Carya glabra (Miller) Spach, the BLACK HICKORY, is rare and of very 
local occurrence, being confined to the hills in the western part of the 
county. 

Carpinus caroliniana Walter, the BLUE, or WATER BEECH, is common in 
the denser woods along all the streams of the county. 

Ostrya virginiana (Miller) Willd., the HOP HORBEAM, is unaccountably 
rare. Though common in Richland County, just west of us, I have found 
it only in the north central part of Lawrence County (marked IV on 
the map.) 

Betula nigra L., the BLACK BIRCH, is common along streams, as should be 
expected. 

Fagus grandifolia Ehrh., the BEECH, is rather abundant in the Robeson 
Hills but is found in only two other localities. Richland County, to 
the west, has but one tree, so far as is known. 

Quercus alba L., the WHITE OAK, is very common throughout the county, 
in all situations except very wet ones. It has several leaf forms. 

Quercus muhlenbergii Engelm., the CHINQUAPIN OAK, is here, as in many 
other parts of Illinois, a common upland tree. 

Quercus bicolor Willd., the SWAMP WHITE OAK, is with us a typical bot- 
tomland species, and in these situations is very common. 

Quercus stellata Wang., the POST OAK, is rather common in the western 
part of the county, where higher land prevails, but it is rare elsewhere. 

Quercus macrocarpa Michx., the BUR OAK, is rather common throughout the 
county, but is found more frequently in the lowland regions. 

Quercus lyrata Walt., the OVERCUP OAK, is one of the rare trees. Gener- 
ally, it occurs around old ponds, and a few individuals grow along 
the Wabash. 

Quercus imbricaria Michx., the SHINGLE OAK, is very common and widely 
distributed, being found in nearly all areas. 

Quercus rubra L. [Q. maxima (Marsh.) Ashe], the RED OAK, is fairly com- 
mon, being met with especially on ridges and high stream banks. 
Quercus palustris Du Roi, the PIN OAK, is with us, as elsewhere, a typical 
bottomland tree. In wet situations it is very common; but I have seen 

a few specimens on hill tops. 

Quercus Schneckii Britton, SCHNECK’S OAK, named in honor of the pioneer 
botanist of the Wabash Valley, is rather common in the bottomlands, 
but is found generally on slightly elevated areas that are not subject 
to regular overflow by the river. This is the finest appearing of our 
local oaks. It has two fairly distinct forms of acorns. 

Quercus velutina Lamarck, the BLACK OAK, is common on most of the hilly 

land of the county, being attracted there, as it is generally, by the 

poorer soils. 
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Quercus marilandica Muench., the BLACK JACK OAK, is rather rare and 
scattered, being associated generally with Q. stellata on the higher, 
poorer lands in the western part of the county. 

Ulmus americana L., the AMERICAN ELM, is very common in most all 
areas of the county. 

Ulmus fulva Michx., the SLIPPERY ELM, is common, as might be expected; 
but I can find no trace of the WINGED ELM, Ulmus alata Michx., in 
Lawrence County, though it is locally common to the west of us in 
Richland County, having followed there the tributaries of the Little 
Wabash. 

Celtis occidentalis L., the HACKBERRY, is common. It shows considerable 
variation in its leaves. 

Celtis mississippiensis Bose., the SUGARBERRY, is common locally and is 
found mostly in the Wabash Bottoms and nearby areas. 

Morus rubra L., the RED MULBERRY, is rather common. It apparently is 
short lived as there are no large specimens. An unidentified, introduced 
species, apparently one of the common cultivated mulberries, is -repre- 
sented by a few escapes. 

Maclura pomifera (Raf.) Schneider, the OSAGE ORANGE, has been intro- 
duced and its escapes are so numerous that it almost appears native. 

Liriodendron tulipifera L., the TULIP TREE, is common on Robeson Hills 
but elsewhere it is rather rare. 

Asimina triloba (L.) Dunal, the PAWPAW, is common. Both vellow and 
white-fruited varieties are found. 

Sassafras officinale Nees & Eberm., is very common, and both the red and 
the white-rooted varieties are found. 

Liquidambar styraciflua L., the SWEET GUM, is also very common. 

Platanus occidentalis L., the SYCAMORE, is a common tree on the bottom- 
lands, and is particularly frequent along stream banks. 

Malus angustifolia (Ait.) Michx., the NARROW-LEAVED CRAB APPLE, is 
not common. It is mostly found in the western part of the county. 
Malus coronaria (L.) Mill., the AMERICAN CRAB APPLE, is very common. 
Malus ioensis (Wood) Britton, the WESTERN CRAB APPLE, is also very 

common but is seen less frequently than the preceding species. 

Malus platycarpa (Rehder) var. Hoopesii Rehder, is rare. I have found it 
only in the Upper Raccoon Creek bottoms, in the locality marked V on 
the map. 

Malus lancifolia Rehder, the NARROW-LEAVED CRAB APPLE, is rare. 
Where found, it does not seem to have as much of a tendency to form 
thickets as is the case with other species. 

In identifying my collections of Malus. I have followed a classification used 
also by Dr. Ridgway. The genus needs revision. My study of M. coronaria elongata 
Rehder in various stages of its development indicates it to be worthy of full 
specific rank. Dr. Ridgway found this variety in Richland County, but I have not 
seen it thus far in Lawrence County. 

Amelanchier canadensis (L.) Med., the JUNEBERRY, or SERVICE BERRY, 
is rare. It is found mainly as small specimens scattered along ravines. 
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Amelanchier stolonifera? Very rare. Probably the same as A. humilis 
Wiegand in Deam’s work. 

Crataegus Crus-galli L., the COCK-SPUR THORN, is a common member of 
the haw group locally. 


Crataegus calophylla Sarg. A few scattered trees. 

Crataegus phaenoneura Sarg. is rare. 

Crataegus acutifolia Sarg. is rare. 

Crataegus mollis (Torrey & Gray) Scheele, known very commonly as the 
RED HAW, but called also the RED-FRUITED HAW, is very common. 

Crataegus Ridgwayi Sarg. is rare. 

Crataegus tomentosa L. I know in this county by one specimen only. 

Crataegus viridis L., the SOUTHERN THORN, is rather abundant locally. 

Crataegus larga Sarg. Rare, associated with preceding. 

Crataegus conjuncta Ashe is well distributed but not abundant. 

Crataegus coccinioides Ashe, Eggert’s Thorn, is rare. 

Crataegus phaenopyrum (L. fils) Med., the WASHINGTON THORN, or 
SCARLET HAW, is common locally. 

Crataegus ovata Sarg. This species is common in one area but rare else- 
where. 

Crataegus mollicula Sarg. Only one specimen found. 

Crataegus Lettermanii Sarg. A rather rare and scattered species. 

Crataegus platycarpa Sarg. This is not uncommon locally. 

Crataegus arduennae Sarg. Rare and local in the western part of the County. 

Crataegus Durifolia Ashe.? Not positively identified. Very rare. 
Except C. mollis and C. phaenopyrum, the species listed above were identified 

for me by E. J. Palmer, of the Arnold Arboretum. In addition to them there is a 

rare new species, not yet named, which has characters of the Pruinosae group. 

Prunus americana Marshall, the WILD RED PLUM, is very common. 

Prunus lanata Sudworth, called the WOOLY-LEAF PLUM, and by some con- 
sidered a variety of the red plum, is very rare 

Prunus hortulana Bailey, Known as the WILD GOOSE PLUM, grows in small 
thickets here and there but is not very common. 

Prunus Munsoniana Wright & Hedrick, cultivated forms of which are known 
under the name of WILD GOOSE PLUM, is a native that I have found 
mostly in the western part of the county, where it is rather rare. 


Prunus angustifolia Marsh., the CHICKASAW PLUM, is local and rather 


rare. 
Prunus serotina Ehrhart, the WILD BLACK CHERRY, is of course very 
common. 


Cercis canadensis L., the REDBUD, is very common. 

Gleditsia triacanthos L., the HONEY LOCUST, is common. The form iner- 
mis, distinguished by its lack of spines on the trunk, is common in 
the bottom lands. 

Gleditsia aquatica Marshall, the WATER HONEY LOCUST, is a rare tree, 
found only in the Wabash “bottoms,” and there for the most part around 

old ponds. 
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Gymnocladus dioica (L.) Koch, the COFFEENUT TREE, is generally dis- 
tributed but is not abundant. Some very large specimens are now grow- 
ing on the Robeson Hills. 

Robinia Pseudo-acacia L., the BLACK LOCUST, is to me very much of a 
puzzle with respect to its rating in the original forests of Lawrence 
County. At the present time, it appears here and there, as a second 
growth. It is apparently entirely native, but it has been so abundantly 
planted as an introduced tree, and there are now so many escapes, that 
its position as a member of the original forest association is difficult 
to determine. It seems to be a tree that was crowded out by the develop- 
ment of the native forest in comparatively recent times but that is now 
reappearing since the original forest has been largely removed by the 
early settlers. 

Ailanthus altissima (Miller) Swingle, the TREE OF HEAVEN, has been 
widely introduced and a few escapes are seen. 

Acer Negundo L., the BOX ELDER, is rather common and is well distributed 
over all parts of the county. 

Acer saccharinum L., the SILVER or SOFT MAPLE, is a very common tree. 
I have seen a few examples of the cutleaf form. 

Acer rubrum L., the RED MAPLE, is very common and it, too, has two leaf 
forms. 

Acer saccharum Marshall, the SUGAR MAPLE, is generally common, and 
there are three leaf forms found, as would be expected from the number 
of varieties that have been distinguished. 

Aesculus, the BUCKEYE, has not been seen in any of its species, though re- 
ported as having formerly existed as a very rare tree. About two miles 
south of the Lawrence-Wabash county line, Aesculus glabra Willd., is 
quite abundant. 

Tilia glabra Vent, the BASSWOOD or LINN, is common on the Robeson 
Hills. Elsewhere it is rare and differs slightly from the specimens in 
the former area. 

Nyssa sylvatica Marshall, the SOUR GUM (or GUM) TREE, is common and 
well distributed. 

Cornus florida L., the FLOWERING DOGWOOD, is found commonly on all 
hills, and it is my good fortune to have seen one pink flowered specimen. 

Cornus asperifolia Michaux, the ROUGHLEAF DOGWOOD, is scattered but 
generally distributed. Occasionally it reaches tree size. 

Cornus racemosa Lamarck, the GRAY DOGWOOD, is very common. 

Cornus obliqua Raf., the PALE DOGWOOD, is a fairly common form but is 
more local in occurrence than the preceding. 

Cornus stricta Lamarck, called the STIFF DOGWOOD, is a local shrub. It 
is not abundant. 

Diospyros virginiana L., the PERSIMMON, is very common and is found al- 
most everywhere in the county. Its fruit is very variable in every way, 
even occasionally being seedless. The early ripening native variety is 

much superior in flavor to any cultivated form I know of. 
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Fraxrinus americana L., the WHITE ASH, is very common. Three leaf forms 
are found. 

Frazinus lanceolata Borckh., the GREEN ASH, is the most common species, 
among the Ashes. 

Frarinus pennsylvanica Marshall, the RED ASH, is rare and scattered. 

Frarinus Biltmoreana Beadle, “BILTMORE ASH,” is very rare. I have 
found it only along the Wabash at the foot of the Robeson Hills, in the 
locality marked VI on the map. 

Frarinus profunda Bush, the SWELL-BUTT ASH, is very common in the 
bottomlands. 

Frazrinus nigra Marshall, the BLACK ASH, is represented by a number of 
specimens all situated in a small area along England slough, marked X 
on the accompanying map. I have not found it elsewhere. 

Adelia acuminata Michaux, known as POND BRUSH and as Crooked Brush, 
is common locally and sometimes forms a dense jungle. 

Catalpa speciosa Warder, the native catalpa, is now represented by very 
few survivors, which appea. to be native. It has been introduced over 
most of the county. It is of interest to know that a colony of this 
species grows along Koker creek in Wabash County, about two miles 
south of the Lawrence County line. 

Viburnum prunifolium L., the BLACK HAW, is very common and I have 
found it in nearly all kinds of situations. This is a variable plant, and 
I have noticed about four leaf forms in Lawrence County. 

Viburnum pubescens (Ait.) Pursh, DOWNY ARROW-WOOD, is very rare. I 
have found it only in the northern part of the County. 

Viburnum rufidulum Raf., the SOUTHERN BLACK HAW, I know to exist 
here, through the collection of one specimen only. 

Smilax hispida Muhl., the HISPID GREENBRIER, is very common in the 
bottomlands but much less so on high ground. 

Smilax rotundifolia L., the ROUND-LEAVED GREENBRIER, is not com- 
mon. I have found it only in a few areas in the bottomlands. 

Smilax glauca Walter, the SAWBRIER, is found only in one area. This is 
about one mile north of St. Francisville, at the locality marked VII 
on the map. 

Corylus americana Walter, the HAZELNUT, is very common and is well 
distributed over the country. 

Phoradendron flavescens (Pursh) Nuttal, the AMERICAN MISTLETOE, is 
now rare and scattered. I have found it mostly on elms along streams. 

Benzoin aestivale (L.) Nees, the SPICEBUSH, is both common and generally 
distributed. 

Hydrangea arborescens L., the SMOOTH HYDRANGEA, I have found along 
wet banks, but it is not abundant. 

Spirea alba Du Roi, the MEADOW SPIREA, is rare. I have found it only 

in one marshy area in the northern part of the county, the locality 

marked IX on the map. 
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Rubus occidentalis L., the common BLACK-CAP RASPBERRY, is both com- 
mon and well distributed. 

Rubus flagellaris Willd., the northern DEWBERRY, is very common and is 
found nearly everywhere. Its leaves show considerable variation. 

Rubus argutus Link, the HIGHBUSH BLACKBERRY, I have found to be 
very common everywhere. 

Rubus frondosus Bigelow, called the LEAFY-FLOWERED BLACKBERRY, is 
rare. I have collected it only from the northern part of Allison Prairie. 
The genus Rubus may be represented by other species than these but, if so, 
I have not been able as yet to distinguish them. There is considerable diffi- 
culty in their identification on account of their variability. 

Rosa setigera Michx., our PRAIRIE ROSE, is both common and well dis- 
tributed. 

Rosa palustris Marshall, called the SWAMP ROSE, is common locally. 

Rosa carolina L., the PASTURE ROSE, is common locally. 

Rosa acicularis Lindl., must be very rare, if it occurs in the county at all. 
Material found in the northwestern part of the county, locality marked 
IV on the map, has been identified tentatively as this species by L. R. 
Tehon. 

Amorpha fruticosa L., the INDIGO BUSH, is common around marshy areas 
but rare elsewhere. 

Zanthorylum americanum Miller, the PRICKLY ASH, is a shrub found rather 
abundantly in a few scattered areas. Specimens that attain tree size 
are very rare. 

Ptelea trifoliata L., the HOP TREE, is not abundant anywhere, but I have 
found it in several localities. 

Rhus copallina L., the SHINING SUMAC, is common locally. 

Rhus glabra L., the SMOOTH SUMAC, I have found to be both common and 
generally distributed. 

Rhus radicans L., our well-known POISON IVY, is very common in all areas. 

Ilex decidua Walter, the POSSUMHAW, is very common in the bottomland, 
but rare on high ground. 

Ilex verticellata L. (Gray), WINTERBERRY. Only one specimen found. 

Evonymus atropurpureus Jacq., the WAHOO, is frequently found and is 
fairly well distributed though not abundant. 

Celastrus scandens L., the AMERICAN BITTERSWEET, is common locally. 

Staphylea trifolia L., the AMERICAN BLADDERNUT, is not common but 
I have found it in several areas. 

Ceanothus americanus L., the shrub known as JERSEY TEA, is fairly com- 
mon in the western part of the county but rare elsewhere. 

Vitis aestivalis Michx., our SUMMER GRAPE, is commonly encountered on 
high ground. 

Vitis bicolor LeConte, is a more common SUMMER GRAPE than the pre- 

ceding. 
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Vitis cinerea Engelm., the SWEET WINTER GRAPE, is very common. 

Vitis cordifolia Michx., the FROST GRAPE, is very common. There is a 
variety of it, or a nearly related species, with a smaller leaf and dif- 
ferent bark. 

Vitis vulpina L., the RIVERBANK GRAPE, is very common in the bottom- 
lands. 


Vitis palmata Vahl, the CATBIRD GRAPE, I have found only in the Wabash 
bottoms and nearby areas. It grows particularly around old ponds. 
There are apparently two leaf forms. 

Cissus Ampelopsis Pers., called the HEARTLEAF AMPELOPSIS, is rather 
abundant in some areas but is not generally distributed. 

Parthenocissus quinquefolia (L.) Planchon, the VIRGINIA CREEPER, is 
well distributed but not abundant. 

Hypericum prolificum L., the SHRUBBY ST. JOHN’S WORT, is common in 
the western part of the County but rare elsewhere. 

Hypericum sp. A small shrubby species having certain characteristics of 
both H. virgatum and densiflorum is possibly distinct. It has been re- 
ferred to Dr. Ridgway and to L. R. Tehon without satisfactory identifi- 
cation as one of the known species. It is very rare in Lawrence County 
but is common locally to the west, in Richland County. 

Styrar americana Lamarck, the AMERICAN SNOWBELL, has been found in 
one area only, the west end of Big Slough Bottom, (marked VIII on the 
map), but there is rather abundant. Its associates are Cornus and 
Cephalanthus. 

Campsis radicans (L.,) Seemann, the Trumpet Creeper, is very common on 
the bottomlands and is found nearly everywhere. 

Cephalanthus occidentalis L., the BUTTONBUSH, is very common on the 
bottomlands and in marshy areas. 

Lonicera japonica Thunb., the JAPANESE HONEYSUCKLE, is.an introduced 
shrub that has become a common “escape.” 

Symphoricarpos orbiculatus Moench., the CORALBERRY, is a very common 
and well distributed shrub. 

Sambucus canadensis L., the ELDERBERRY, is both common and well dis- 
tributed. 

Menispermum canadense L., MOONSEED, occasionally survives for several 
seasons. Common. 

Ligustrum vulgare L., the EUROPEAN PRIVET, has been widely introduced 

and I have seen it once in Lawrence County and once in Richland 

County as an apparent escape from cultivation. 
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THE GENUS HYGROPHORUS IN THE 
CHICAGO REGION 
BY 
V. O. GRAHAM 


4028 Grace St., Chicago. 


Gill fungi of the genus Hygrophorus, which are of special interest 
to the nature student because of the variety of environments in which 
they grow and because of their wide range in color—from white through 
red, orange, yellow, green, olive, and violet to fuscous brown—are found 
in the Chicago region associated with the plants of swales, bogs, and 
low edges of swamps on the one hand and with those of rich humus soils 
of forests on the other. The genus is represented by twenty species in 
the area bounded by the Ilinois-Wisconsin line on the north, the Fox 
tiver on the west, the Kankakee River on the south, and the Indiana 
State Dunes Park on the southeast. In a somewhat more restricted 
area Moffett found eight species of Hygrophorus one centimeter or more 
in diameter. This same area has over 800 species of Ascomycetes and 
Basidiomycetes. 

As in the study of higher plants, the ecology of fungi is destined 
to become increasingly important, because of the work that these plants 
do in changing vegetable material into humus. Taxonomy, together 
with ecology, furnishes the foundation for further research into the more 
subtle pathological and physiological relationships. 


KEY TO THE SPECIES 


Pileus red, bright-green, orange, OF yellow. .......cecccccccsccsccvvcecs 2 
Pileus white; disk sometimes yellowish........ eee cece es seetcerecccesees 10 
Pileus neither red, bright-green, yellow, nor white.................000005 29 
Piants brilliant red, pink, flesh-color, or rufouS........ccscccsccccsesves 3 
PUROn TARO OUEE, TORO, OF COMBI. ... oc dnc coca ccd ede baad anscccsesens 21 
eS NE acon dhs sre Sea bias 5 Le 09 56% BRS oo cne see MEER OR OER Cea ee 4 
ee ee | er ee ere re reer eer ee. rere ne ee 9 
Stem stout; pileus thick 5 


Stem slender; pileus thin, fragile 7 
Gills becoming reddish-spotted 
Gills not so marked 


In tamarack swamps; stem viscid; pileus scarlet or orange..(4) H. Speciosus 


“3-1 DH Vic Se WwW bone at wet ca 


In open woods; pileus flesh-tinted; stem dry............... (7) H. pudorinus 

Pileus small (1-2 cm.), flesh-colored; stem slender, viscid...... (22) H. peckii 

Pileus 3-7 cm. broad, scarlet or vermillion; stem not viscid............... 8 

8. Gills auriculate-adnate; stem base yellowish............... (16) H. coccineus 

8. Gills almost free, slightly adnexed; stem base white........ (15) H. puniceus 

ey ne rene Garrars Sr iat (19) H. conicus 
9. Pileus 1-3 cm. broad, scarlet or vermillion; found in low wet ground 

OPE RTT TEL TOURER OTIC CTT eee (14) H. miniatus 

9 Pileus 3-7 cm. broad, tawny-flesh colored.................0005 (9) H. pratensis 
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PED Sar, VON GIBGED -TO SOD oo ii cic ci viv enceccancebecettineneas 13 
PHeus And aterm mot at all WISCH. «0.6.2 cc ccc ccc cccceccccccccccesceese 11 
Plows: Ge: Wane, qomt, Seams: Gh UIE, oo occ cbc cc wc ie hee ceseceene 12 
ee ee ee ee rer ree eee (12) H. borealis 
eS ona Pen kas COREA ME Ce RAN s U0a ee eee oe (10) H. virgineus 
Pileus almost white, but with a fulvous tinge..../(9) H. pratensis var. pallidus 
PRE Ge NS overs ks iipccce cs cccenenceseetewstincateasvbecenda 17 
Pileus whitish but with yellowish or reddish tints..............-.2-2006- 14 
Upper part of stem decorated with yellowish, granular dots.............. 16 
Upper part of stem decorated with white, scaly dots..............+e0e45- 15 
eee ee WIS 5.6 no 060.000 65506 50 6 bee banceeg en ees (2) H. laurae 
SI TO, OO GROIN io heck eid shes ened es ceceeddercveede i (1) H. flavodiscus 
Pileus covered with yellowish or brownish gluten......... H. paludosus (Pk.) 
Pileus white, but with numerous golden dots toward margin............ 
CHRD GA VEE e a kbh ds be 2.65486 208 arhe oa bheeecades H. chrysodon (Fr.) 
OD. Wee Ge” IS 6 oo 5 oe Fad ad cece ke didvdntseebenesicensiumaspan 19 
GE SWS oe Woke Gru k Od 60d ke 6 wae Rees WE 5 46086 Eras Seb eaamewen 18 
eee Seen Cane CRD, DI TRS, 6 sb desicd cacddccectuceases (11) H. niveus 
Pileus very large (8-15 cm.) ; stem stout..........e.eeeeeees (8) H. sordidus 
Stem with white squamules near top; gills adnate, decurrent............. 20 
Stem without dots; gills almost free, adnexed; pileus at first conical.... 
NE SS PEE aa lp eS ee ee ey ee ee er pe Pere H. purus (Pk.) 
Annulus glutinous, becoming red-dotted near apex of stem. .H. glutinosus (Pk.) 
cB ory rer rrer ta Beers rier perme (3) H. eburneus 
Pane Waa, VOR Cimeka, Cb GUGUIROIN, o.oc coc 6c cc cccccctescievesovcsans 23 
Pe Oe Ge Ge. CUS 6.6 6 oh pete deeCUK ahs dpe nde éctectoutdbecquvuepeases 22 
Pileus orange, fading, fragile; gills deep-orange.......... (18) H. marginatus 
Pileus pale-yellow, very small (6-12 mm.)........ gehen nee H. parvulus (Pk.) 
Pileus bright-green, usually conical; gills yellowish or green.......... os 
SSA WOES NEN heed 6660S bee SET aR eae wRhe tees cee (23) H. psitticinus 
ee, Ge AI. on coca cawacNi ie 6an eh eb bend ecbadceneveeqhenumne 24 
Pileus orange-red, or yellow to tawny, becoming black where bruised, 
COMICAL 20. ccc ecccscsceccccccesccscccecscccccscccscoeces (19) H. conicus 
Orange, yellow, or tawny; not bruising black... ..........0.ceceeceseeees 25 
ee > GO nk d:d'k culdd se babees 6 aeews (17) H. chlorophanus 
oe errr Cre Tit eCrrirT Te rir ee ee 26 
Pileus, 3-8 cm. broad, becoming yellow or whitish when frozen.......... 
AOC COCRASDORERDSS CUS WEANG OS CODE K Swe OEMS hOG Ke 68s Od e8ER (4) H. speciosus 
, SN GIES 5 ic 66 wee 8s TRC ages Ks Hee uae ckeeuds sa seaeeansente 27 
Sk Ni 5 oh 6 ae SRD OR Sh SK eeareensen cows (21) H. laetus 
eS ee I. o's ob. 0'60 cue keean oUb ou ck 00 ss coed Raebncuk ene Sen 28 
Gills decurrent; plants fading to whitish in age.............. (20) H. nitidus 
Gills adnate, decurrent; plants not fading.................. (13) H. ceraceus 
Both piles am stem wineld oF GiMtimoU. ww ccc ccc cc cccccccceccececcccs 31 
ee PP OEE ET Oe Oe ee ee a 30 
Pileus smoky-lilac, fading to gray, hygrophanous; stem solid or stuffed.. 
aS Aiea oT eects See aa ss ole Sinc'sn eg ewok esse etes on euescebenes H. pallidus (Pk.) 
Pileus dingy reddish-brown, hygrophanous; stem stuffed or hollow; gills 
GOCUPTONG 2 occ ccc nenccctsccscccescecececesens H. colemannianus (Blox.) 
Pileus smoky-brown; stem solid.............050. cece eee H. fusco-albus (Fr.) 
Pileus grayish-brown or smoky-brown; gills pure white........... esceess 32 
Pileus dark-brownish-olivaceous. ...........sceeeceeeees (5) H. olivaceoalbus 
SD GPs bo see-ch hoes Kdetawdessece Gu Ghaecedsvaseemen H. unquinosus (Fr.) 
I ME Fu Wav 00 n.0.0aeSee bob wndes es hank acaecee teeae H. fuligineus (Frost) 


Genus HYGROPHORUS Fries 


Pileus context continuous with stem context. Spores white. Gills of waxy 


consistency and appearance, more or less translucent. Stem central. Ter- 
restrial, putrescent, soft, growing in low, wet meadows or woods. The gills 
are usually distant, which helps to set off the genus from Tricholoma and 
Clitocybe. Some species are exceedingly viscid, some shiny as melted wax, 
and some with gills lustrous or waxy in appearance only. The shape cor- 


responds to Paxillus (yellow-spored) and Gomphidius (black-spored). 
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I. Swuspcenvus LIMAciumM 


With a glutinous universal veil or a floccose cortina or both. 


(A) UNIVERSALES 


Both universal veil and cortina present. Corresponds with Myxacium of 
the genus Cortinarius. Stem viscid, shining, and spotted, especially toward 
apex, if the margin is at first inrolled, but not spotted if the margin is not 
inrolled. 
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*(1) H. flavodiscus Frost. Yellow-disk H. (edible) 

P. 3-7 cm. St. 3-7 cm., 6-12 mm. Sp. 7x4.5 microns. 

Pileus convex to plane, glutinous, white, pale to reddish yellow on disk, 
even, glabrous; margin of young specimens involute. Gills adnate or slightly 
decurrent, subdistant, white or slightly flesh-tinted. Stem equal, solid, very 
glutinous; apex with white scabrous points, white or yellowish below. 
Spores inequalateral. Gregarious, common. Sept. In red oak, hard maple, 
beech, or hemlock forests. Olympia Fields, Ill.; Wis. to N. Y. and south- 
ward. 

In 1925 this species was quite common on ravine slopes in climax forest 
situations. 


(2) H. Laurae Morg. Laura H. (edible) 

P. 3-10 cm. St. 3-8 cm., 6-12 mm. Sp. 8x4.5 microns. 

Pileus convex to plane, umbonate, irregular, white with purplish brown 
on disk, glutinous, glabrous, margin of young plants involute. Gills adnate- 
decurrent, narrow, white to cream. Stem equal or tapering downward 
glutinous, solid, white or yellowish; upper half scabrous-squamulose; apex 
with scabrous points. Spores apiculate. Gregarious to caespitose, among 
leaves on ground in deciduous thickets. Aug.-Nov., frequent. Wis. to N. Y. 
and southward. 


(3) H. eburneus Fr. Ivory H. (edible) 

P. 2-7 cm. St. 6-15 cm., 3-8 mm. Sp. cylindrical, 7x5 microns. 

Pileus pure white, shining, ccnvex-plane, glutinous, margin at first in- 
volute, floccose pubescent. Flesh white, thick, firm. Gills adnate to decur- 
rent, white, broad behind, narrowed in front, somewhat venose. Stem white 
elongated equal to tapering downward, often flexuous, glutinous, shining, 
spotted when dry, apex with white squamulous dots, stuffed to hollow. 
Gregarious to subcaespitose in thickets or grassy woods, Oct.-Nov. Frequent. 
Minn. to N. Eng. and southward. 

Var. unicolor has solid stem. 

Var. decipiens is caespitose. 

H. rubopunetus Pk. Red dots at stem apex. Rare. 


*(4) H. speciosus Pk. Showy H. (edible) 

P. 2-8 cm. St. 3-10 cm., 8-20 mm. Sp. 9x5.5 microns. 

Pileus subconic to convex, plane sometimes broadly unbonate, glutinous, 
bright red or orange when young, fading with age or when frozen, often 
virgate, rugulose from drying gluten; margin soon spreading. Flesh white 
often orange under separable cuticle, thick, soft. Gills decurrent, distant, 
broad in middle, thick, intervenose, white or tinged yellowish. Stem stout, 
watery-white colored (hyaline), floccose-fibrillose to disappearing annulus. 
In troops in Tamarack Swamps. Oct.-Nov. Frequent locally. Bog near Polo, 
Ill. Minn. to N. Eng.; Ind. and northward. 

These were numerous Nov. 11, 1927 on sphagnum. They showed evi- 
dence of freezing and the red coloring was practically gone, but spots of pale 
red were still present on the gills. 
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*(5) H. olivaceoalbus Fr. Olive H. 

P. 4-8 cm. St. 4-7 em., 8-15 mm. Sp. 11x7 microns. 

Pileus rounded, convex, umbonate or not; margin at first involute, cov- 
ered with thick gluten, olive gray or smoky olive, becoming ferruginous, 
then wrinkled from drying gluten. Flesh white, thick, soft. Gills adnate to 
decurrent, rather broad, subdistant, white. Stem stout, subequal, peronate at 
first, floccose-scaly due to glutinous veil, finally marked by fulvous rusty 
annular stains. Apex at first with bead-like drops, densely white-scaly dotted, 
solid, curved and partly rooting. On ground in oak woods. Rare. Sept.-Oct. 
Lake Villa, Ill.; Mich., etc. 

The specimens were near the base of the hills which slope downward 
toward Cedar Lake. Gluten was present on the stem forming partial rings, 
the color of which was but little different from that of the stem. 


(B) PaRTIALES 


No universal veil. Partial veil floccose, adhering to involute pileus 
margin. Stem dry, with apex glabrous to floccose-scabrous. Similar to 
Phlegmacium, subgenus of Cortinarius. 


*(6) H. Russula Fr. Russula H. (edible) 
Tricholoma Russula Schaef. 

P. 5-12 cm. St. 3-7 cm., 15-20 mm. B. 4.5x6 microns. Sp. 7x4 microns. 

Pileus convex, plane or finally depressed, firm, viscid when moist, pale 
pink to rosy-red, disk often scaly dotted. Margin at first inrolled and 
floccose. Flesh thick, especially on disk, becoming reddish tinged. Gills 
rounded behind, becoming decurrent by upturning of pileus, first white then 
red-spotted. Stem stout, equal or subventricose; apex white, floccose; stem 
white, becoming reddish in age. Spores narrow, apiculate. Often in troops 
among leaves on ground in woods. Frequent. Minn. to N. Eng. and south- 
ward. 

This species is reported common in the descriptions. The author has 
seen it but twice, once in the woods of Morton’s Arboretum and again in the 
Indiana State Dunes Park. It is found on the ground where the covering of 
fallen leaves is rather thick. 


(7) H. pudorinus Fr. Blushing H. (edible) 

P. 2-10 cm. St. 3-8 em., 5-20 mm. Sp. 6-9x3.5-5 microns. 

Pileus convex campanulate to expanded, firm, compact, thick, viscid 
when moist, pale tan, tinged incarnate, or pinkish-buff, even, glabrous; 
margin at first involute, minutely downy. Gills pointed, subdecurrent, sub- 
distant, narrow, venose, thickish, usually connected at stem by narrow 
border. Stem stout, compact, solid, dry, equal, white to pinkish-buff, floccose- 
scabrous at apex, fibrillose downward. Odor and taste mild. Gregarious or 
caespitose on ground in frondose or hemlock woods. Frequent. Sept.-Nov. 
Wis. to N. Y. and southward. 

This plant is doubtless in our area, though not found by the writer. 


*/(8) H. sordidus Pk. Sordid H. (edible) 

P. 8-16 cm. St. 6-10 cm., 1.5-3 cm. Sp. 7x4.5 microns. 

Pileus convex-expanded to plane, thick, firm, compact, viscid when 
moist, pure white or rarely tinged yellowish-buff, glabrous, even, margin at 
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first incurved and slightly floccose. Gills adnate-decurrent, subdistant, broad 
in middle, waxy, white. Stem stout, short, solid, dry, white, equal, even, 
obscurely mealy at apex. Odor and taste mild. Gregarious on ground among 
leaves in deciduous forest. Frequent. Sept.-_Nov. Wis. to N. Y. and south- 
ward. 

Found at Olympia Fields, Ill., where the leaf covering was thick and 
considerably decayed, surrounding trees small (Crataegus), the rainfall 
having been heavy for three weeks. On this soft substratum grows our 
largest Hygrophorus. 


II. SusGenvus CAMAROPHYLLUS 
Veil none. Pileus and stem moist, not viscid. Stem fibrillose or glabrous, 
not punctate at apex. Gill-trama of interwoven hyphae. Stem solid or 
stuffed. 


(9) H. pratensis Fr. Meadow H. (edible) 

P. 2-8 cm. St. 4-7 cm., 7-12 mm. Sp. 7x5 microns. 

Pileus convex expanded or somewhat turbinate, obtuse or broadly um- 
bonate, glabrous, even, reddish-fulvous to pale tawny, moist when fresh but 
not viscid; disk thick; margin thin. Flesh white to tawny. Gills decurrent, 
distant, thick, whitish to yellowish, intervenose, very broad in middle. 
Stem short, equal, glabrous, stuffed, white or tinged like pileus. Solitary to 
caespitose, in grassy places on ground in woods. July-Oct. Frequent. N. 
Eng. to Minn. and southward. 

*Var. pallidus. Plants whitish. Olympia Fields, Ill.; Smith, Ind.; in 
climax forests. 

Var. cinereus. Plants cinereus; otherwise as type. 


*(10) H. virgineus Fr. White H. (edible) 

P. 2-5 cm. St. 2-4 cm., 6-10 mm. Sp. 7x3.5-4 microns. 

Pileus convex, often plano-depressed, often turbinate, obscurely pruinose, 
even, white; disk thick; margin thin; not viscid. Gills decurrent, subdistant, 
medium broad, thickish, white tinged with cream or flesh-color. Stem short, 
thick, equal or narrowed downward, glabrous, white. Solitary to caespitose, 
on sandy ground in mixed open woods of beech, hard maple, pine. Sept.- 
Oct. Not frequent. Lisle, Ill., and Dunes Park, Ind. 


(11) H. niveus Fr. Snowy H. (edible) 

P. 1-3 cm. St. 2-8 cm., 2-5 mm. Sp. 9-8x5-6 microns. 

Pileus convex or campanulate at first, finally plane, umbilicate, 
hygrophanous-white, slightly viscid, glabrous, striate when moist, thin. Gills 
decurrent, distant, narrow, thin, venose, white. Stem white, glabrous, equal. 
On moist ground, low woods, or on moss in bogs. Aug.-Sept. Infrequent. 
Ill. to N. Y. and northward. 


*(12) H. borealis Pk. Northern H. (edible) 

P. 1-3.5 cm. St. 2-5 cm., 2-5 mm. Sp. 8x5-6 microns. 

Pileus convex, expanded, obtuse, moist, even, glabrous, thick on disk, 
thin outward, white. Gills decurrent, arculate, white, intervenose, distant. 
Stem slender, firm, subequal, straight or flexuous, glabrous, stuffed, white. 
On moist ground in swamps or mixed woods. Aug.-Oct. Infrequent. North- 
ern Ill., Mich., N. Y. and northw. Indiana State Dunes Park. 
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III. Suscenus HycGrocyse 


Veil none. Entire plant thin, watery, succulent, fragile. Pileus viscid 
when moist, shining when dry. Stem hollow. Not dotted at stem apex. 
Mostly growing in wet places. 


*(13) H. ceraceous Fr. Waxy H. (edible) 

P. 1-4 cm. St. 2-5 em., 2-4 mm. Sp. 7x4 microns. 

Pileus convex-campanulate, soft, fragile, viscous, pale lemon-yellow, 
sometimes toward orange, pellucid striate, glabrous; gills broadly adnate to 
subdecurrent, subdistant, thickish, pale yellow to whitish. Stem equal, 
round or compressed, hollow, shining, undulate, waxy-yellow, slightly viscid. 
Frequent. On moist ground, woods. July-Sept. Dunes Park, Ind.; Mich. to 
N. Y. Prefers conifers regions but not there confined. 

This plant inhabits very rich moist woods where pines or other conifers 
have once been. In the Dunes Park it occupies a position adjoining a climax 
beech-hard maple forest. Whether this situation has advanced from a conifer 
swamp to the climax or through the xerarch series, is not easily ascertained 
as swamps are near on the one side and dunes on the other. The plants are 
semitranslucent throughout, waxy, yellow, slender, and fragile. 


*(14) H. miniatus Fr. Vermillion H. (edible) 

P. 1-3 cm. St. 2-7 em., 3-5 mm. Sp. 8x5.5 microns. 

Pileus vermillion to reddish-yellow, fading, convex to expanded-plane, at 
length umbilicate, never viscid, minutely tomentose-scaly or glabrous, even, 
fragile, watery-waxy aspect, thin. Flesh pale yellowish. Gills adnate or sub- 
decurrent, subdistant, orange, red, or yellow, thickish. Stem equal, orange, 
red, or yellow, becoming hollow, dry, glabrous. Odor and taste mild. Woods 
and swamps, bare ground. Low ground Tremont, Ind. Minn. to N. B. and 
southward. 

*Var. Cantherellus Schw. (H. Cantherellus Schw.) has a longer stem and 
more decurrent gills, pileus smaller. Bogs of Northern Illinois. 

*Var. Sphagnophilus Pk. has subconic to convex, centrally depressed 
pileus. Grows on sphagnum in bogs. Ill. to N. Y. and northward. 


*(15) H. puniceus Fr. Red H. (edible) 

P. 3-7 em. St. 5-8 em., 6-12 mm. Sp. 9-12x4-5 microns. 

Pileus campanulate, obtuse, at length expanded and wavy-lobed, bright 
red, fading, viscid, glabrous, fragile. Flesh white, yellow under cuticle. 
Gills almost free, narrowly adnexed, thick, distant, intervenose, yellow to 
searlet. Stem unequal, ventricose, hollow, yellow to scarlet, white base, 
fibrillose striate. Spores smooth. Odor none. Taste mild. Gregarious or 
solitary, on ground in moist places, bare ground, woods, thickets, sandy 
swales, Aug.-Oct. Beach, Ill. Not frequent. Ill. to N. Y. and northward. 


(16) H. coccineus Fr. (edible) 

This species is very close to H. puniceus. Not quite as viscid, cherry 
red. Gills arcuate, adnate. Stem compressed and furrowed. In low meadows 
and moist woods. Rare. 
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*/17) H. chlorophanus Fr. Sulphur H. (edible) 

P. 2-5 em. St. 3-7 cm., 4-8 mm. Sp. 6-8x4-5 microns. 

Pileus convex or campanulate, later nearly plane, viscid sulphur to 
golden-yellow, glabrous, often pellucid-striate on margin, fragile, not black 
when bruised. Gills adnexed to emarginate, ventricose, thin, subdistant, 
broad, pale citron-yellow, becoming greenish. Stem equal, concolor, uni- 
colorous, viscid, not compressed. Gregarious in low moist woods, on ground, 
often in mosses. June-Sept. Beach, Ill. Common. Ill. to N. Y. northward, 
and southward in mountains. 


*(18) H. marginatus Pk. Margined H. 

P. 1-4 cm. St. 2-5 cm., 3-8 mm. Sp. 7-8x4-5 microns. 

Pileus fragile, campanulate to convex, sometimes gibbous, finally plane, 
sometimes broadly umbonate, hygrophanous, glabrous, golden-yellow to 
orange or tinted olivaceous, fading to pale-yellow, striate or cracked on 
margin, thin. Gills adnate to emarginate, arcuate, ventricose, broad, deep- 
yellow, not fading, intervenose. Stem fragile, hollow, not viscid, often 
flexuous, irregularly compressed, glabrous, orange, fading to straw. Odor 
and taste little. Gregarious or caespitose, moist places, conifer or frondose 
swampy woods. July-Aug. Beach, Ill. Rare. Ill., N. Y., ete. 


*(19) H. conicus Fr. Conie H. (suspected) 

P. 1-3 cm. broad and high. St. 3-9 cm., 2-6 mm. Sp. 9x6 microns. 

Pileus conical, subacute at apex, splitting-expanded or lobed margin, 
viscid when moist, shining, glabrous, orange-red, orange, yellow, virgate, 
stained black where bruised or in age, very thin. Gills almost free, broad, 
ventricose, sulphur-yellow, becoming black. Stem fibrillose, striate, dry, 
twisted, hollow, golden-yellow, black-staining, splitting. Gregarious or 
solitary. Low, moist, sand swales, grassy places, and low woods. May-Oct. 
Beach, Ill.; Wilson, Ind. Common. Minn. to Me. and southward. 

A remarkable feature of this species is that it turns black with age. 
Some have tried for spore prints and obtained a black smudge which led 
them to believe the species belonged to the black-spored group. This plant 
is said to be sometimes orange. In the Chicago area it is nearly always red 
with black places where bruised. It is very common in wet sandy swales 
in the neighborhood of the dunes. 


*(20) H. nitidus B. & C. Shining H. 

P. 1-2.5 cm. St. 3-7 cm., 2-4 mm. Sp. 6.5x3.5 microns. 

Pileus convex, umbilicate, fragile, viscid when moist, wax-yellow, 
whitish when dry; pellucid, striate, and shining when moist; glabrous. Gills 
decurrent, arcuate, distant, not broad, pale yellow, intervenose. Stem equal, 
slender, hollow, fragile, viscid and wax-yellow to dry and white. Gregarious 
on ground in conifer bogs. Frequent locally. July-Sept. N. Ill. to N. Y. and 
northward. 


*(21) H. laetus Fr. Pleasing H. 

P. 1.5-3 cm. St. 3-5 cm., 3-6 mm. Sp. 6-7x4 microns. 

Pileus convex, plane, obtuse, viscid when moist, shining, tawny not fad- 
ing, pellucid-straite, tough, thin. Gills broadly-adnate, subtriangular, dis- 
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tant, thin, yellow, greenish-yellow, grayish-yellow, or finally orange. Stem 
tough, slender, glabrous, very viscid, equal, tawny, wavy, uneven. Odor and 
taste little. Gregarious in swamps and meadows. July-Aug. N. Ind. to N. Y. 
northward, and southward in mountain regions. 


*(22) H. peck Atk. Peck’s H. 

P. 1-2 cm. St. 3-8 cm., 2-4 mm. Sp. 7x5 microns. 

Pileus convex-plane, broadly umbilicate, glutinous when moist, pale-yel- 
low, flesh, or vinaceous buff, rarely tinged greenish, glabrous, pellucid, 
striatulate when moist, somewhat faded when dry. Gills arcuate-decurrent, 
distant, broad, whitish or pale flesh-color. Stem concolor, very viscid, hol- 
low, round, even. Gregarious or solitary, on moss in wet places, especially 


bogs. July-Sept. Frequent. Ill. to N. Y. northward, and Southward in 
mountains. 


*(23) H. psitticinus Fr. Green H. 

P. 1-3 cm. St. 4-7 cm., 2-5 mm. Sp. 7x4-5 microns. 

Pileus campanulate, finally expanded, glutinous, parrot-green, becoming 
flesh or yellowish, pellucid-striate, thin. Gills adnate, ventricose, thick, 
greenish or varying as pileus color. Stem toughish, very viscid, even, glab- 
rous, undulate-uneven, subpellucid, green to reddish-orange or yellow, hol- 
low. Gregarious or subcaespitose, in rich, moist, mossy woods. July-Oct. 
Minn. to Me. and southward. 

In our area this plant inhabits the sides of ravines where moisture and 
moss are abundant. The bright green color of the pileus is very striking. 


WORKS CONSULTED 


Bull. of N. Y. Museum, 1907. C. H. Peck. 

The Agaricaceae of Michigan. KAuFFMAN. 1918. 

The Higher Fungi of Chicago Region. W. S. Morrerr. 1909. 
Sylloge Fungorum. SAccarpo. 
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A PRELIMINARY STUDY OF THE EPIDERMAL 
APPENDAGES OF THE MALLOW FAMILY 


BY 
ErHet E. Moispy 


University of Illinois, Urbana. 


Casual examination of several members of the Mallow Family 
(Malvaceae) attracted the writer to the epidermal appendages, ar 
trichomes. It was noticed that some were very different from others, 
and the question arose whether these epidermal appendages were of 
sufficient constancy to characterize the several sections of the family and 
whether they could, therefore, be used in identification; or whether they 
varied from species to species. It was assumed that there might be dis- 
tinct types in each section and subsection of the family. 

Approximately fifty species were examined with this object in 
view, and slides were made of forty-three specimens in order that suffi- 
cient perspective would be obtained of the family as a whole to enable 
the writer to select such a group as might need more critical study from 
the systematic standpoint. The genera examined in this preliminary 
study are: 

Section I, Malopeae: Malope, Kitaibelia, and Palavia 

Section II, Malveae: 

Subsection 1, Abutilinae: Abutilon and Sphaeralcea 
Subsection 2, Malvinae: Malva, Callirhoe and Malvastrum 
Subsection 3, Sidinae: Sida and Anoda 

Section III, Ureneae: Pavonia and Malcaciscus 

Section IV, Hibisceae: Hibiscus and Gossypium 

It will be noted that these are only a few of the genera included in 
the family. Only a few species under each genus, and in some genera 
only one, could be examined in this study. Where possible, more than 
one specimen of a species was examined, these plants having come from 
different habitats. This paper, therefore, presents merely those findings 
that have resulted from this preliminary survey of the Mallow Family, 
and serves to show the several types of epidermal appendages. 


PROCEDURE 


The writer first made herself familiar with the major divisions of 
the family as presented in standard works, such as Engler and Prantl’s 
“Pflanzenfamilien.” The genera were examined in the sequence given 


by Dalla Torre and Harmes, the choice of material being governed by 
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the specimens available in the herbarium of the University of Illinois 
and in the writer’s personal collection. 

A hand lens was sufficient to show the distribution of the trichomes 
on both surfaces of the leaves in most specimens, but it soon became 
apparent that the small size of many of these hairs rendered such exam- 
ination inadequate for more detailed study. Therefore, the compound 
microscope was needed, and because frequent reference had to be made 
at intervals to the same species, the need for a permanent mount was 
felt, in order to conserve the limited amount of material available. 








TRICHOME TYPES OF THE MALVACEAE 


Fig. 1. Pavonia lasiopetala Scheele. Fig. 2. Malvastrum spicatum (L.) 
Torr. Fig. 3. Kitaibelia vitifolia Willd. Figs. 4, 5. Sida hastata St. Hil. 
Fig. 6. Malva parviflora L. Fig. 7. Abutilon theophrasti Medic. Fig. 8. 
Gossypium herbaceum L. 


The technique used differs somewhat from that used in making the 
standard mount, since the problems of dehydration and_plasmolysis 
usually encountered in morphological work are not encountered in this 
work. The problem, in short, is to transfer the trichomes to the glass 
slide and fix them permanently in place. The walls are sufficiently 
opaque to render staining unnecessary. 
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The technique used is as follows. A leaf was removed from the 
specimen and boiled for a few minutes, in order to make it soft, so that 
the trichomes would not break when they were removed. Then the leaf 
was placed under the binocular microscope and the trichomes removed 
with a spear-point needle. These were placed in a small drop of water 
on a slide and allowed to dry. When the water had evaporated, a drop 
of Canada balsam and a cover glass completed the slide. The trichomes 
can then be examined under the compound microscope. 

However, if staining should prove necessary in certain species, no 
doubt the trichomes could be fastened to the slide with Mayer’s 
Albumen Fixative and stained in the routine manner. 


RESULTS 


In Section I, Malopeae, three of the plants examined were found 
to have only simple appendages scattered over the surfaces and on 
margins, while one has stellate appendages or trichomes. The stellate 
trichomes have from seven to nine branches which vary in length. They 
adhere tightly to the surface. The simple trichomes, consisting of only 
one hair-like appendage, are divergent rather than appressed; yet they 
are so short that they impart but a slight roughness to the leaf and are 
not conspicuous to the unaided eye. One of these from Kitaibelia 
vitifolia Willd. is shown in Figure 3. 

An interesting fact concerning this section is that those genera with 
simple appendages are all of Old World distribution only, while the 
genus Palavia, which has stellate appendages, has in addition repre- 
sentatives of New World distribution. So far, no definite significance 
can be attached to this fact. 

Section II, Malveae, is divided into three subsections. In the first 
subsection, Abutilinae, only two of the seven genera were examined 
Abutilon and Sphaeralcea. As a rule, in Abutilon, both surfaces of the 
leaves are thickly covered with trichomes, giving a velvety appearance. 
The trichomes vary considerably as to size; with some exceptions, the 
larger-leaved species such as Abutilon theophrasti Medic are clothed 
with proportionately large trichomes. The single exception of the ma- 
terial thus far studied occurs in A. texense T. & G. In general the 
trichomes are quite uniform as to shape. In the various plants ex- 
amined a single trichome had from 5-14 branches, some species having 
5-8, and others 9-14. Under the microscope they are seen to be attached 
to the leaf by a short fleshy base as shown in Figure 7. They are not 
appressed, and are crowded so that the angle of divergence between 
them and the leaf is about 30 degrees. In some species there are two 
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superimposed whorls, the inner of which is often shorter than the outer. 
And in some there is a central spine-like branch which is apparently 
stouter than the other branches. 

In the genus Sphaeralcea the branches are more spreading and at- 
tenuated, sometimes departing from the strict linear form found in 
Abutilon by having a wavy appearance quite in keeping with their 
slenderness. Those of S. lindheimeri Gray, when seen under the micro- 
scope, resemble spiders with tiny bodies and long, spindly legs. In 
nearly every case the number of branches is eight, adding to the 
similarity. 

In the second subsection, Malvineae, a diversity of types occurs in 
the various genera. Malvastrum possesses the most complex trichome 
type so far studied. The individual appendage consists of a number of 
superimposed whorls with no apparent regularity of position or length 
of branches. This gives to the plant an appressed woolly appearance. 
Most of these trichomes are cauline, and the number diminishes rapidly 
on the leaf surfaces, more being present on the lower surface than on 
the upper. This is in decided contrast with the glabrate appearance of 
many in the genus Callirhoe, in which, as in the genus Malva, many 
of the trichomes are simple, unbranched hairs, and those compound 
types that do occur mingled with the simple ones are either tufted 
groups of single hairs as in Malva parviflora L. (Figure 6) or of a 
single whorl of four or five branches. In Callirhoe pedata Gray the 
opposite angles are equal, giving the trichome an asymmetrical appear- 
ance, which is even more pronounced in C. involucrata (Nutt.) Gray. 
C. geranioides Small differs from the species mentioned in the greater 
abundance of trichomes on both stem and leaves. 

Sidineae differs little from Malvineae in that it represents no new 
departure from the general type of trichome present in Callirhoe and 
Malva. Practically all of the hairs in Anoda are single, unbranched, and 
rather short. They occur most abundantly on the lower surfaces but are 
occasionally found in equal abundance on the upper. 

In Sida hastata St. Hil. trichomes of the single form resembling 
that of Anoda are mixed with three and four-branched radiate forms 
(Figures 4 and 5), which show a remarkable constancy of symmetry. 
In one specimen bearing this name a striking departure from this 
regularity led to a closer examination of the specimen with the result 
that it was rejected from the species on other taxonomic evidence. Sida 
texana (T. & G.) Small often has as many as 8-11 short branches and 
thus represents the most radical departure from the common type. In 
all of the species of both Anoda and Sida the pubescence is decidedly 
appressed and the plants are rough to the touch. 
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Section III, Ureneae, offers no new examples. Those trichomes 
found on the upper leaf surfaces in Malvaviscus and Pavonia vary 
somewhat in abundance. Though a few are unbranched, most of them 
are radiate, 5-10 pointed (Figure 1). They vary somewhat in size and 
abundance on the two surfaces, but as a general rule, those on the lower 
surface are considerably larger and often more numerous. In some 
species of Malvaviscus, such as M. drummondii T. & G., the pubescence 
is decidedly appressed, but in VM. arboreus Cav. the epidermal hairs are 
more spreading. This latter condition differs from most of the speci- 
mens of both Malvaviscus and Pavonia that have been examined. 

The last section, Hibisceae, differs in the two genera examined. 
The trichomes of Gossypium herbaceum L. are erect tufted groups of 
single hairs welded into a compound trichome (Figure 8). The branches 
are long and somewhat attenuated. Hibiscus presents a stellate type of 
appressed pubescence consisting of 6-8 slender branches radiating from 
a common center. 


SUMMARY 


In general, evidence from approximately 50 species of the Mallow 
Family—all that have been so far examined by the writer—suggests that 
the simpler trichomes are found in Old World species and that most of 
the New World species have a more complex type of epidermal hairs. 

None of the branches of the trichomes of the Malvaceae are septate 
above the base. 
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SOME FACTORS AFFECTING THE DISTRIBUTION 
OF LEGUME NODULE BACTERIA 
IN ILLINOIS SOILS 


BY 


H. E. Myers anp QO. H. Sears 


University of Illinois, Urbana. 


As early as 1902, Hopkins demonstrated the value and need of 
artificial inoculation for the successful production of alfalfa on many 
Illinois soils which had failed previously to produce that crop. Since 
that time, and along with the development of laboratory cultures by a 
large number of commercial concerns, the interest in artificial inocula- 
tion has increased greatly. Naturally many questions have arisen per- 
taining to this subject. Is artificial inoculation necessary for all 
legumes? To which legumes should attention be directed? What con- 
ditions limit the activity of legume nodule bacteria in the soil? How 
long do the organisms live in the soil once they are present? In order 
to answer some of these questions it seemed desirable not only to deter- 
mine the absence or presence of the different groups of legume nodule 
organisms in the soil, but also to find, if possible, some factor or factors 
which might affect their natural distribution. With this idea in mind 
samples of soil were obtained from widely distributed areas in the state 
and tested for the presence of the various legume bacteria. Determina- 
tions were also made of the exchangeable calcium, the hydrogen-ion con- 
centration, and the relative amounts of easily soluble phosphorus in the 
soils. 

Only six cross-inoculating groups of Rhizobium leqguminosarum 
were considered in this study because they include the organisms which 
infect the important field crops in Illinois. These five groups were as 
follows: 


Cross-inoculating group Plants grown 
Alfalfa Sweet clover 
Clover Red clover 
Soybean Soybean 
Pea Garden pea 
Bean Garden bean 


The data on distribution of legume nodule bacteria in 83 soils 
selected at random are presented graphically in Figure 1. The red 
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clover nodule bacteria are the most widespread of the organisms con- 
sidered, occurring in 72 per cent of the samples examined. The sweet 
clover organism was present in 26 per cent, the garden bean organism in 
24 per cent, the soybean organism in 10 per cent, while the garden pea 
group was found in only 2.5 per cent of the soils examined. Since none 
of the eross-inoculating groups of nodule bacteria were present in more 
than 72 per cent of the soils, it is apparent that the growing of legumes 
on these soils should not be attempted without artificial inoculation. 
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It is not surprising that the red clover nodule organism was found 
in nearly three times as many cases as any other organism. The legumes 
which belong to the same cross-inoculating group as red clover are not 
only seeded in all sections of the state but also grow “wild.” Further- 
more, they are not limited in their growth by soil conditions to the 
same extent as some of the other legumes included in this study. 
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HyDROGEN-ION CONCENTRATION 


A number of investigators have shown that the longevity of legume 
nodule bacteria is influenced by the acidity of the medium in which they 
live. It has been found, also, that these organisms differ greatly in 
their ability to survive under acid conditions. The data herein pre- 
sented indicate that the distribution of the legume nodule organisms in 
these soils is limited by the reaction of the soil. By referring to Figure 
2, it may be seen that a marked correlation exists between the pH 
values of the soil and the presence of sweet clover nodule bacteria. 
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Above pH 6.5 the organisms are uniformly present, while below this 
value they occur very irregularly. This organism was found in only 4 
soils with a pH below 6.5, one of which had a pH of 5.3. The uni- 
formity of their distribution above pH 6.5 and the lack of uniformity 
below this value indicate that if the soil is more acid than this the 
chances for its being inoculated naturally are not very great, and further 
that below pH 6.0 sweet clover nodule organisms are seldom present. 














Papers Presented in the Twenty-third Annual Meeting 


This situation is undoubtedly a result of at least two conditions. 
Neither sweet clover nor alfalfa, beth of which are infected by the same 


organism, grows readily on distinctly acid soils; consequently their 
nodule organism would not be expected in such soils. Furthermore, the 
critical pH for their nodule organisms is considerably higher than that 
of any of the other legume nodule bacteria. 

A fairly uniform distribution of red clover organisms was found in 
soils having a pH of 4.9 or above, but none in soils that were more acid. 
Above pH 4.9 reaction appeared to have relatively little effect upon the 
distribution of the red clover organism. 

The soybean organism was more prevalent in the soils having a low 
pH than in soils having a high pH. This observation should not be con- 
strued to mean that soybean nodule bacteria are favored by acid condi- 
tions. It is rather a reflection of the agricultural practice of growing 
soybeans on soils that are too sour to support the growth of alfalfa and 
sweet clover. On the less acid soils where alfalfa and sweet clover can 
be grown successfully, the production of soybeans is less common. It is 
interesting to note that the percentage of soils containing the sweet 
clover organisms showed an increase at pH 6.5 and above, whereas none 
of the soils above pH 6.5 contained soybean nodule organisms. 


AVAILABLE CALCIUM 


Scanlan (1928) concluded that a calcium deficiency and not the 
hydrogen-ion concentration of the soil is the factor limiting inoculation 
of legumes on many acid soils. However, in his study exchangeable 
calcium was not considered, the conclusion being based upon results ob- 
tained by the addition of calcium salts which did not appreciably affect 
the acidity of the soils. 

It may be seen from Figure 3 that the red clover group of organ- 
isms is the only one which shows any constant relation between distri- 
bution and the exchangeable calcium of the soil. In soils with less than 
10 milligram equivalents of exchangeable calcium per 100 grams of soil, 
only 46 per cent contain the red clover group of organisms. A fairly 
uniform rise in the percentage of the soils inoculated naturally is found 
as the amount of exchangeable calcium increases until a maximum of 
93 per cent is reached in the soils containing 20 to 25 milligram 
equivalents. In the case of sweet clover there is a fairly uniform dis- 
tribution of the organisms among those soils containing 25 milligram 
equivalents or less of exchangeable calcium, while in soils containing a 
greater amount a marked increase in the percentage of soils inoculated 
is found. 
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It is probable that this relation between the per cent inoculation 
and exchangeable calcium can be attributed to a more favorable 
hydrogen-ion concentration rather than to the exchangeable calcium as 
such, since some soils very low in exchangeable calcium were found to 
contain the nodule bacteria in case the pH value was high, while no 


organisms were found among soils fairly high in exchangeable calcium 
but low in pH. 
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AVAILABLE PHOSPHORUS 


With a few possible exceptions, there appeared to be no relation 
between the presence of the legume nodule bacteria and the amount of 
available phosphorus in the soil. Only a small percentage of soils con- 
tained the organisms of the sweet clover group where the amount of 
available phosphorus was low. In all other cases the distribution of the 
nodule bacteria appeared to be independent of available phosphorus. 














Papers Presented in the Twenty-third Annual Meeting 


SUMMARY 


Eighty-three soils collected at random from various sections of 
Illinois were examined for the presence of six groups of legume nodule 
bacteria (Rhizobium leguminosarum). Seventy-two per cent of the soils 
contained organisms producing nodules on red clover plants. Sweet 
clover, garden bean, soybean and garden pea nodule bacteria were found 
in 26, 24, 10, and 2.5 per cent of the soils, respectively. 

There was a direct relation between the hydrogen-ion concentration 
of the soils and the distribution of sweet clover and red clover nodule 
bacteria. The critical concentration of hydrogen ions for these organisms 
was approximately pH 6.5 and 4.9, respectively. 

No consistent relation between available phosphorus and the pres- 
ence of the legume nodule bacteria was apparent; neither was there be- 
tween replaceable calcium and the presence of these organisms. 
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AIMS AND PURPOSES OF FORESTRY 
EXTENSION IN ILLINOIS 
BY 
L. E. SAWYER 
University of Illinois, Urbana. 


The original forest area of Illinois was over 15,000,000 acres, con- 
taining more than 65,000,000,000 board feet of saw lumber. Through 
clearing for agricultural purposes, logging, indiscriminate cutting, and 
the clearing of marginal and sub-marginal land for pasture, this has 
been reduced until at the present time the stand occupies only about one- 
fifth of the original area and contains far less than one-fifth of the 
original volume. ; 

Herbarium specimens of trees native to Illinois represent a total of 
124 species. The bottomland forests along the Wabash, Mississippi, Big 
Muddy, Kaskaskia, Cache, and Illinois river systems originally contained 
some of the finest stands of hardwood timber in the country. Sycamore 
and Yellow Poplar reached their maximum size there. Southern 
Cypress grew in pure stands in the extreme southern portion of the 
state, and magnificent specimens of Oak were found in the bottomlands. 
A specimen of Sycamore measuring 160 feet in height and 42 feet in 
circumference at the base, and having a crown spread of 134 feet, was 
reported near Mt. Carme!. These virgin forests of the Wabash had an 
average top level of 130 feet and a maximum height of 200 feet. Tulip 
Poplar and Black Walnut attained their maximum size in the bottoms 
of the secondary streams. Individual acres of Cypress and mixed hard- 
woods in the extreme southern part of the state yielded more than 
25,000 board feet per acre. The upland forests and those farther north 
did not yield as much per acre, but an average of 4,000 feet per acre was 
recorded for the state. 

While Illinois never has been one of the big timber-producing 
states, it ranked tenth in production in 1859 and twenty-sixth in 1899, 
when it reached its peak of production of over 388,000,000 board feet. 
From the depleted and badly managed forest area, nearly 30,000,000 
board feet of saw timber were produced in 1926, and Illinois then ranked 
thirty-seventh among the lumber-producing states. 

The present forest area of over 3,000,000 acres, if properly managed 
and increased by at least 2,000,000 acres of land not suited for agricul- 
tural purposes and now lying idle, would be capable of producing more 
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than one billion board feet per year on a _ sustained-yield basis. 
The last available figures for the consumption of lumber give Illinois 
as the third largest lumber-consuming state in the Union. Her annual 
consumption is over 2,454,000,000 board feet, of which about one-fourth 
is hardwood. With the production on the forest areas of the state 
increased to 1,000,000,000 board feet annually, Illinois would be produc- 
ing all of the hardwood required each year and would be keeping within 
the state millions of dollars that now go elsewhere. 

Work in forestry was started in Illinois in 1909 when the State 
Laboratory of Natural History, now the Natural History Survey, in co- 
operation with the United States Forest Service, began the investigation 
of the forest conditions in the southern and western parts of the state. 
In 1919, the Natural History Survey began an inventory of the forest 
resources to secure accurate information on the amounts and kinds of 
wood used in the state. At an Illinois Agricultural Policy conference 
in January, 1922, Mr. A. N. Abbott delivered an address on “Farm 
Forestry in Illinois.” He emphasized the advantages of reforestation 
on eroded land and on sandy land. His recommendations were sound 
and, had they been followed, large areas that are now unproductive 
would have a fine stand of young timber upon them. 

From 1920 to 1924, trained foresters in the employ of the Natural 
History Survey were engaged in surveying and mapping all the wooded 
areas of five acres or more in 68 counties. Essential parts of 10 ad- 
dional counties were covered, and strip surveys, giving the location, 
extent and condition of various tracts encountered, were run in the re- 
maining 24 counties. These studies included the rates of growth of the 
common tree species under different conditions of soil and moisture, 
the value of the woodlands, the economics of forest management, and 
the wood production as applied to these woodlands, and the relation 
of the local demand to the local supply, present, prospective, and pos- 
sible future. The results of these studies are available in the form 
of three reports and four circulars, which are listed in the appended 
bibliography. 

In 1925, with the staff of foresters reduced to one man, the Natural 
History Survey undertook to carry out a constructive program based 
on the information already gathered. In 1926, the Survey issued “A 
Manual of Woodlot Management.” and outlined a program of forestry 
extension work for Illinois woodland owners. The Fifty-third General 
Assembly passed a bill providing for the establishment of a Forestry 
Division in the Agricultural Experiment Station of the University of 
Illinois, to be charged with investigations in forestry and allied subjects. 
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for the promotion and development of forestry interests in the state, 
with special reference to the maintenance and improvement of existing 
forests and farm woodlots. Unfortunately, however, no funds were ap- 
propriated to the University for this purpose. 

In 1927 a cooperative agreement was drawn up between the U. S. 
Department of Agriculture, the College of Agriculture of the University 
of Illinois, the Illinois State Department of Conservation, and the Illi- 
nois State Department of Registration and Education. By this agree- 
ment the College of Agriculture assumed the supervision of the exten- 
tion work in forestry as a unit of the regular Agricultural Extension 
Service. Funds for the work are supplied by the United States Depart- 
ment of Agriculture and the State Natural History Survey. 

Illinois farmers who own timber are confronted by a variety of 
problems. Many of them have merchantable trees for sale and wish to 
know how much timber they could cut, where they could market it to the 
best advantage, what its approximate value would be, and what form of 
product could best be secured from the species they have for sale. 
Others, who have unproductive areas that should be reforested, wish 
to know what kinds of trees are most desirable for planting in different 
situations, how many years will be required to produce a crop of each 
kind, how much the planting stock would cost and at what intervals the 
young trees should be set out, how and when they should be thinned, and 
what protection should be given them against fire, diseases, insects, and 
livestock. Still others have pastured woodlands in which the timber is 
dying, with no new growth coming in, and many are interested in 
learning how to improve their present stand of timber by thinning, by 
removing undesirable species and defective trees, by cutting the mature 
timber, and by planting new trees in open spaces. 

The extension forester’s duties include the giving of advice through 
correspondence, or by personal visits if necessary, in all of the problems 
mentioned and in the planting and care of shade trees and control of 
tree diseases and insects. Suggestions are made for solving the problems 
in protecting the woodlots against fire, and the best methods to employ 
are recommended by correspondence or personal inspection. 

The farmers and farm advisers throughout the state are generally 
receptive, and once they know the value of the services offered and the 
benefits which the timber owners can derive, they are very eager to 
continue the work. A good example of awakened interest is in Hancock 
County, where the first general “forestry discussion” meeting was held 
in February of this year. As a result of that one meeting enough re- 
quests were received through the farm adviser to justify our scheduling 
of three days work in July for holding woodland demonstrations in 
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various parts of Hancock County. The purpose of these demonstrations 
will be to show the farmers how to secure higher returns from their 
timber by selective cutting and by wise marketing. 

Many of the stands of young timber coming in on abandoned 
agricultural lands in Illinois are making an exceptionally rapid growth 
and, if properly cared for, can yield far more returns than were realized 
in the past or could be expected in the future from the same lands under 
cultivation. In Crawford County, for example, a forty-acre field, which 
was abandoned about fifteen years ago after it had proved unprofitable 
to cultivate, now has an almost pure stand of volunteer Pin Oak 
(Quercus palustris) ranging from three to eight inches in diameter at 
breast height. If thinned and pretected from fire and livestock, this 
small tract will produce a crop of piling within the next fifteen to 
twenty years, which will bring $400 to $500 per acre at current siding 
prices. There are 22,000 acres of such land in Jackson County alone, 
none of which is now producing enough to pay the taxes. 

One of the obstacles to forestry extension in Illinois is that the 
majority of the farm advisers are not yet forestry-conscious. Many of 
them were educated here in Illinois or in other states where forestry is 
not included in the curriculum, and they therefore know very little 
about the subject. Including a course in farm forestry in the university 
curriculum, as already authorized by the legislature, would give our 
new crop of future farm advisers and Smith-Hughes teachers a con- 
ception of the possibilities of woodland on the farm and would help 
to put many more dollars in the pockets of the farmers. 
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SAMPLING SOILS FOR ANALYSIS 
BY 
eH. J. SNIDER 


University of Illinois, Urbana. 


Sampling soils for analysis is very similar to sampling other 
materials for analytical purposes. There must be collected a sufficient 
number of relatively small samples in order to make up a composite 
sample which is a fair and accurate representation of the area or type 
sampled. The reliability of analytical results depends to a large extent 
upon the care taken in collecting the samples and the accuracy of the 
methods employed. 

Forty years ago Whitney (5) suggested a boring to a depth of six 
inches as a means of obtaining a desirable sample. In later years Veach 
(4) indicated that soil samples should follow the soil horizon and should 
not be taken to an arbitrary depth in inches. This latter plan is in gen- 
eral followed in soil sampling methods at the present time. 

The number of samples which go to make up a desirable composite 

has received brief consideration by some investigators. Robinson (3) 
presents some data indicating that for survey purposes not much addi- 
tional accuracy in analysis is obtained by increasing the number of 
borings beyond six. Bear (1), in reporting some carefully conducted ex- 
periments in sampling 1/20 acre plots, recommends that the composite 
sample be made up of twenty borings to a depth of twelve inches. The de- 
sirability of this number is substantiated by considerable analytical data. 
In reporting the results of some investigations Frear (2) concludes 
hat “despite unusual care, the sampling error remains greater than the 
analytical error.” This brief review of previous investigations indicates 
that proper methods of sampling must be used if reliable analytical re- 
sults are to be obtained. It is probable that the error which is likely to 
be accumulated as a result of improper sampling methods may nullify to 
a large extent the analytical data obtained from the samples. 

During the summer of 1929 a test was conducted on the Kewanee 
experiment field which was designed to show any variation in soluble, or 
available, phosphorus which might occur in individual soil borings. 

30th fertilized and unfertilized plots were selected for this purpose. 
The accompanying table shows the analytical results in terms of avail- 
able phosphorus determined in parts per million (p.p.m.). The borings 
were taken from two layers of soil, or two different depths, indicated as 
the first three inches (0” — 3”) and the second three inches (3” — 6”), 
making the total sampling depth six inches. 
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On the untreated check, Plot No. 3, the four borings representing 
the first three inches of soil (0” — 3”) showed only a slight variation in 
the analytical results, and had a relatively small probable error. The 
phosphorus found in the composite made up of these four borings was 
18 p.p.m., while the average of the single determinations was 17.2 
p-p.m., which is in rather close agreement. The four deeper borings 
(3” — 6”) were consistent except for the large amount of phosphorus in 
the fourth boring, which was doubtless due to some form of contamin- 
ation. The average of these four borings was 20.5 p.p.m., with a prob- 
able error of 2.6, which is considerably higher than the other four bor- 
ings: The phosphorus found in the composite of these latter four bor- 
ings was 21 p.p.m. and agreed rather closely with their average. The 
phosphorus found in the composite made up of the eight borings was 18 
p-p.m. This agrees rather closely with the average of the individual de- 
terminations of the eight borings and gives a comparatively low prob- 
able error, 1.3. These results indicate that when the amount of phos- 
phorus in each boring is fairly near a constant, a small number of bor- 
ings gives a reliable composite, but when there is considerable variation 
in the individual samples, a much larger number of borings is required 
for a more reliable composite. 

Plot No. 7 was very similar to Plot No. 3. 

On Plot No. 1, which had been fertilized with finely ground rock 
phosphate, the amounts of phosphorus found in the individual borings 
showed a wide variation. The average of the seven borings in the first 
layer (0” — 3”) of soil was 182 p.p.m., with a probable error of 26.5. 
This showed rather poor agreement with the 176 p.p.m. found in the 
composite sample made up of the seven borings. The average of the 
seven borings in the second layer (3” — 6”) was 42.9 p.p.m., with a 
probable error of 6.5, while the composite sample made up of these seven 
borings showed 35 p.p.m. This is a rather large difference. The com- 
posite made up of the entire 14 borings showed fairly close agreement 
with the average of the individual determinations, but the probable error 
of the latter was 18.6 and this throws considerable doubt upon the re- 
liability of the results obtained from the composite sample in question. 

The work here reported, while probably too limited in extent for 
very definite conclusions, does indicate that when very delicate 
analytical methods are used the sampling of the soil must be carefully 
looked after. Apparently when soil samples are collected from fertilized 
experimental plots for analytical purposes, such as here indicated, the 
number of borings which go to make up the composite sample must be 
in excess of fourteen. 











ANALYTICAL DATA ON 


INDIVIDUAL 





Papers Presented in the Twenty-third Annual Meeting 187 


BORINGS AND COMPOSITE 


SAMPLES FROM PHOSPHATED PLOTS AND UNTREATED CHECK 
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Untreated Check Plot. No. 3— 
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Four borings composited... 


Eight borings composited... 
Eight borings averaged..... 


Phosphated Plot. No. 1— 
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Fourteen borings composited 
Fourteen borings averaged... 


Seven borings composited 


Fourteen borings composited 
Fourteen borings averaged 
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is 17 
16 17 
19 16 
16 32 
17.2+0.5 20.5 + 2.6 
18.0 21.0 
18.0 
18.9 + 1.3 
320 66 
70 30 
320 91 
109 } 32 
184 29 
187 28 
87 3 
182 + 26.5 12.9 + 6.5 
176.0 — 35.0 
114.0 
112.6 + 18.6 
3 20 
44 19 
50 15 
34 20 
130 70 
90 20 
135 40 
73.4 + 11.4 29.1 + 5.0 
74.0 30.0 








(1) Bear, F. E., McCrvure, 
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(2) Frear, W., Erp, E. S. 
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AN ECOLOGICAL STUDY OF THE FORESTS 
OF THE SANGAMON RIVER VALLEY 
OF CHAMPAIGN COUNTY 
BY 
Lura L. SPRINGER 


University of Illinois, Urbana. 


This paper is based on a general survey of the forest vegetation of 
that part of the Sangamon River valley which lies in Champaign 
County. The field work was done during the fall and winter of 1928 
and the springs of 1929 and 1930. Since the Sangamon River valley 
is by far the largest area of its kind in this county, and since it is near 
to the University of Illinois, a preliminary survey should be of some 
value to future workers, who may choose to do research of a more in- 
tensive nature in this region in either plant or animal ecology. 

The Sangamon River has its origin in McLean County about 
twelve miles east of Bloomington and runs some fifteen miles of its 
course before entering the northwest corner of Champaign County. It 
enters as a rather small stream, and for the first seven or eight miles 
there are no forests bordering it. About five miles from the county 
border its volume is increased by junction with the Lone Tree Creek, and 
two miles further on it is joined by a second branch known as Drum- 
mer’s Creek. A half-mile from this latter junction we find the first of 
the forest remnants that border the river in greater or less extent 
throughout the remainder of its course. The river leaves the county 
about midway of the western side, after having traversed, within the 
county, some thirty miles of territory. The length of the river itself 
within the county, because of its meandering, is somewhat greater than 
this. The Sangamon thus drains the northwestern part of the tract be- 
tween the Bloomington and Champaign moraines. Near the village of 
Mahomet the river breaks through the Champaign moraine and then 
runs parallel with the Cerro Gordo ridge, which allows no drainage from 
the east. Former glacial action and stream erosion have combined to 
produce a somewhat varied topography. In general the surrounding 
land is flat or rolling prairie, but along the river there are some slopes 
that are quite precipitous. 


SoILs 


Forests occur in this area at present on five different types of soil 
on the basis of the classification used by the Agricultural Experiment 
Station of the University of Illinois. ; 
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The first of these is an upland prairie soil of black clay loam. Most 
of the black clay loam soil is under cultivation, but along the younger 
portions of some of the larger tributaries of the Sangamon there are 
patches of a rather varied forest that extends onto this type of soil. The 
trees present are found only a short distance from the water’s edge 
where the conditions are more or less hydric. They consist mostly of 
black willow (Salix nigra), box elder (Acer Negundo), soft maple (Acer 
saccharinum), elm (Ulmus americana), sycamore (Platanus occiden- 


f talis), cottonwood (Populus deltoides), bur oak (Quercus macrocarpa), 
" and shingle oak (Quercus imbricaria). The herbaceous layer may be 
8 composed chiefly of such weedy plants as giant rag weed (Ambrosia 
y trifida), Rudbeckia hirta, and several species of Bidens and golden rod 
» (Solidago); or it may consist of grasses along with prairie dock (Sil- 
P phium terebinthinaceum ) or of grasses alone. 
i Forests are found on two types of upland timber soils, namely, 
yellow-gray silt loam and yellow silt loam. These soils are found only in 
i the immediate vicinity of the streams, and much of the land of these 
. types is now under cultivation. The yellow-grey silt loam is found in 
t the outer portion of the timber belt and is characterized chiefly by the 
. oak-hickory association, while the yellow silt loam occupies the slopes 
: which in most cases are unsuited for cultivation. This latter type of soil 
1 follows the river in narrow, irregular strips with arms extending up 
t the small adjacent streams, and it supports a mixed forest hillside com- 
f munity that will be described later. 
t The history of these soils in the county has been summarized as 
. follows: 
‘ “The terrace soils were formed on terraces or old fills in the valley. 
; The terraces owe their formation generally to the deposition of material 
from over-loaded and flooded streams during the melting of the glaciers. 
1 The material varied from fine to coarse. The valleys were sometimes filled 
- almost to the height of the upland. Later the streams cut through these 
f fills and developed new bottom-lands, or flood plains, at the lower level, leav- 
1 ing part of the old fill as a terrace. Finer material later deposited on this 
, sand and gravel of the fill now constitutes the soil.’” ; 

Only a few areas of this type of soil are found along the Sanga- 
> mon River. All of them are relatively small, and they occur mostly 
3 along the upper course of the river. They are characterized by being, 
: for the most part, decidedly flat but well drained. They support a lux- 

uriant growth of oaks, largely white oak (Quercus alba) and bur oak, 

which grow so close together as to practically exclude all of the 
herbaceous layer except the prevernal, and a rather conspicuous 
cryptogamic layer. 


1University of Illinois Agricultural Experiment Station—Soil Report No. 18. 
Champaign County Soils. By Hopkins, Mosier and others. 
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The fourth type of soil on which forests are found along the San- 
gamon River is bottomland soil composed of mixed loam. It occurs 
along the river, chiefly near bends, and covers greater areas along the 
central portion of the river’s course within the county than along either 
the northern or southern portions. Some of these areas are under cul- 
tivation or are pastured while others have grown up to giant ragweed, 
but most of them support a typical flood plain forest. 


VEGETATION? 


Uplands :—The uplands are characterized by the oak-hickory asso- 
ciation. This is by far the most abundant and most conspicuous associa- 
tion in the region. It is an edaphic climax community and, if undis- 
turbed, will remain relatively stable for many years. 

The white oak is usually dominant, but the black oak (Quercus 
velutina) and the red oak (Q. rubra) occur with it as co-dominant 
species. The black oak is dominant in less than one percent of this aree 
while the red oak is still less abundant, being characteristic of more 
mesic conditions. The shingle oak is fairly prevalent, especially along 
the forest borders, while the chestnut oak (Quercus Muhlenbergii) is 
found less frequently and usually grows on the steeper slopes facing the 
river. The hickory is represented by several species, though the shag- 
bark (Carya ovata) is the most abundant and characteristic one. The 
other species found are pignut (Carya glabra) and bitternut (Carya 
cordiformis) and a very few individuals of white-heart (Carya alba). 
The honey locust (Gleditsia triacanthos) which is widely distributed in 
this region, is represented by a few individuals in the upland forest. 
The elm is also found wherever the width of the upland forest is not 
very great. 

The most abundant species of the shrub layer vary from place to 
place, but the Indian currant (Symphoricarpos orbiculatus) dominates 
wherever the canopy is fairly open. In the autumn this plant controls 
the aspect of the shrub layer because of its reddish fruits. The brambles 
(Rubus occidentalis and R. trivialis) are also very abundant in some 
places. Other species found in the shrub layer are several species of red 
haw (Crataegus), (Viburnum prunifolium), black cherry (Prunus 
serotina), (Sassafras variifolium), (Aralia spinosa), elder berry (Sam- 
bucus canadensis), and, near the forest borders (Rhus canadensis), red 
bud (Cercis canadensis) and wild crab (Pyrus coronaria). The elm, in 
the sapling stage, forms societies in the shrub layer in some places. 





2The nomenclature used throughout this paper is that of Gray’s New Manual 
of Botany, Seventh Edition. 
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In the prevernal season the aspect of the herbaceous layer is usually 
controlled by the spring beauty (Claytonia virginica) or in some places, 
by the everlasting (Antennaria plantaginifolia). The rue anemone 
(Anemonella thalictroides) forms small aspect societies but is relatively 
uncommon. The vegetative plants of the dog-tooth violet (Erythronium 
albidum) are quite abundant though the flowering plants are few. The 
yellow adder’s tongue (Erythronium americanum) is rare. Violets and 
sedges are abundant, and a moss (Ceratodon purpureus) covers the en- 
tire ground surface in some places. 

The vernal season finds no one species controlling the aspect to the 
extent that the spring beauty does in the prevernal season, though there 


























Fic. 1. Abundance of principal upland tree species, 
expressed in percentage. 


are numerous small societies that control the aspect in the richer parts 
of the forest. The principle sub-dominants of these societies are Poly- 
gonatum biflorum and Smilicina racemosa and may apple (Podophyllum 
peltatum). The more open uplands at this season have no plants in 
bloom, but many of the Compositae are present in the vegetative con- 
dition. 

The aestival season is not characterized by conspicuous flowering 
plants. Several species of bed straw (Ga/lium) form a dense mat over 
the ground surface and are conspicuous. The leaf-cups (Polymnia 
canadensis and P. uvedalia), which require much shade, bloom at this 
season where the upland vegetation is dense, but are limited in their 
distribution. 
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The serotinal and autumnal seasons are characterized chiefly by the 
Compositae, the goldenrods, asters, Rudbeckea hirta, Eupatorium 
urticaefolium, and Erigeron ramosus, being the principle ones. Plants 
conspicuous because of their fruits are T'riosteum perfoliatum, Poly- 
gonatum biflorum, Smilicina racemosa, and Desmodium canadense. 
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Fic. 2. Numerical abundance of principal tree species in upper, middle, 
and lower portions of the slope. 


Other common herbaceous plants found in the upland forest are 
species of Geum and Potentilla and Laportea canadensis, Verbascum 
thapsus, Oxalis corniculata, and O. violacea. The most abundant climb- 
ers are Menispermum canadense, Dioscorea villosa, Smilax herbacea, and 
S. rotundifolia. Psedera quinquefolia and Rhus toxicodendron are found 
less frequently in the upland forest. > 
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These upland forests are rapidly being destroyed by man. Several 
areas were cut while this study was being made. 

Ravines :—Ravines along a river are always found in various stages 
of development, some being relatively old and stable and others only 
“young” and subject to rapid erosion so that there is little chance for 
plants to exist. A young ravine is characterized by vertical cutting and 
an old one by lateral cutting. Thus in an old ravine relatively flat areas 
are formed on each side of the small stream, which is usually dry during 
the greater part of the year. 

The material that is washed from the ravine is carried to the river 
and deposited, usually in a bar-like delta, which is likely to become cov- 
ered with soft maples and willows. In the ravine itself the first plants 
to come in are annuals of ruderal nature, and there can be no stable 
vegetation until erosion has produced a wider ravine bed which is on a 
level with the river. As this takes place, however, there is a gradual 
succession of vegetation which ends in a mesic forest of the hard maple 
and red oak type. 

Slopes:—The vegetation of a slope is very heterogeneous, its exact 
nature depending largely on the degree and direction of the slope. Be- 
cause of the direction of flow of the river, there are not many north- 
facing slopes, but those that do occur are characterized by large num- 
bers of cryptogams and fewer of the seed plants. Of the many species 
of mosses found on such slopes, the commonest are Mnium cuspidatum, 
M. spinulosum, and Rhodobryum roseum. Catherinea undulata, C. 
angustata, and Fissidens subbasilaris are also found and on one par- 
ticular slope the apple-tree moss (Bartramia pomiformis) completely 
controlled the aspect because of its tips of whitish tufted leaves. 
Lichens, such as species of Cladonia and Umbilicaria, are common, and 
the foliose Parmelia is conspicuous on the tree trunks, though it is by 
no means limited to this habitat, being found also on oak trees through- 
out the region. The ferns, Polystichum acrosticoides and Cystopteris 
fragilis, are common here, but the latter is also frequent in other habi- 
tats as well. Hepatica acutiloba is perhaps the most characteristic 
herbaceous seed plant of this slope. 

Some slopes are so steep that constant erosion prevents the growth 
of plants entirely. Others, though very steep, are stabilized and held in 
place by roots of grass and trees; however, because of the excessive 
drainage, only those plants that are xerie enough to endure such con- 
ditions can grow here. Slopes with a medium incline support a typical 
mixed hillside community and present the greatest variety of species of 
any habitat in the region. Such a slope can conveniently be divided into 
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three parts, the upper, lower, and middle. A slope adjacent to an up- 
land occupied by a white oak and hickory association was carefully 
studied and the abundance of the different species determined. In a 
few places where the upland association is dominated by hard maple and 
red oak the upper part of the slope takes on the characteristics that are 
more typical of the middle part. 

On the upper part of the slope, the following plant communities 
named from the dominant species may be found: 1, ironwood (Ostrya 
virginiana) ; 2, red oak and hard maple (Acer saccharum); 3, shag 
bark and white oak; and 4, hackberry (Celtis occidentalis) and bitter- 
nut. The secondary trees are usually black oak, chestnut oak, shingle 
oak, shag bark and big shell bark hickory (Carya laciniosa), honey 
locust, black walnut (Juglans nigra), and black cherry. The commonest 
shrubs are Indian currant, gooseberry, sassafras, crab, blackberry, red 
bud, red haw, shad (Amelanchier canadensis), smilax, and burning bush 
(Evonymus atropurpureus). There is considerable overlapping of the 
herbaceous species on the three parts of the slope, but the most con- 
spicuous ones on the upper part are species of bed straw, Desmodium, 
goldenrod, and aster. 

On the middle portion of the slope we have the possibility of com- 
munities with the following dominants: 1, ironwood; 2, elm and iron- 
wood ; 3, elm, basswood (Tilia americana), and black maple (Acer 
nigrum); 4, hard maple and red oak; and 5, red oak and black maple. 
The secondary trees are principally blue beech (Carpinus carolimana), 
black cherry, black walnut, and red mulberry (Morus rubra). The 
shrubs and herbs are quite numerous. The principle shrubs are bladder 
nut (Staphylea trifolia), Indian currant, gooseberry, red haw, smilax, 
burning bush, strawberry bush (Evonymus americanus), grape, black- 
berry, red bud, shad, trumpet creeper (Tecoma radicans), wild yam 
root (Dioscorca villosa), Viburnum prunifolium, and Asimina triloba. 
The commonest herbaceous plants on this part of the slope are Asarum 
canadense, Anemone virginiana, Galium aparine, Phlox divaricata, 
Geranium maculatum, Uvularia perfoliata, Hydrophyllum canadense, 
Potentilla sp., Trillium recurvatum, Smilicina racemosa, Arisaema 
triphyllum, Monotropa uniflora, Actaea alba, Isopyrum_ biternatum, 
Hepatica triloba, Viola spp. Mertensia virginica, Thalictrum dioicum, 
Menispermun canadense, Caulophyllum thalictroides, Collinsia verna, 
Polygonatum biflorum, Anemonella thalictroides, picnics canadensis, 
Cystopteris fragilis, and Equisetum hyemale. 

The lower a of the ~—- supports communities with the follow- 
ing dominants; 1, elm; 2, elm and green ash (Frazinus lanceolata) ; 
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and 3, el and box elder. The secondary trees are bur oak, swamp white 
oak (Quercus bicolor), soft maple, and basswood. The shrubs are red 
haw, shad, red bud, smilax, and grape; and the principle herbs are 
Hydrophyllum canadense, H. appendiculatum, Pilea pumila, Laportea 
canadensis, Prenanthes alba, and wild yam root. 

Where the slope merges into the bottomland the dominant trees are 
either bur oak or elm; while sycamore, with individuals two feet or more 
in diameter, is an important secondary species. 

River Banks :—The character of the river banks is determined by 
the adjacent land. Where erosion is taking place there is no vegetation 
at all, but where the building process is going on the first trees to 
appear are willows and soft maples. These are followed by elms and 
often also by sycamores. The cottonwood (Populus deltoides) is rela- 
tively rare along this river. 














Fic. 3. Abundance of principal bottomland tree 
species, expressed in percentage. 


Flood Plains:—Flood plants vary as to age and may be classed as 
old or young. An old flood plain is seldom flooded and is relatively 
stable; while a young flood plain is flooded, or partially so, during a 
part of each season. The relative age of a flood plain is quite readily 
determined by the size of the trees and the character of the herbaceous 
layer. Many of the older flood plains are occupied by an elm and bur 
oak association. Such a flood plain may extend a quarter of a mile or 
more back from the river, and the slope adjacent to it is likely to have 
red oak as the dominant tree on the lower portion and white oak on the 
upper portion, while the stream-side forest will consist of elms that vary 
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from twenty-four to thirty-six inches in diameter. These 2 elm trees, 
together with the absence of soft maple and black willow, indicate the 
age and stability of the area. Some of the younger flood plains are cov- 
ered by young elm that are growing so close together that walking 
through the area is almost impossible. Honey locust, sycamore, and 
haekberry are characteristic secondary trees on the flood plains. The 
sycamores have attained a very great circumference, some of them 
measuring from sixteen to twenty feet. 

The gooseberry is the most common shrub in the flood plain forest, 
but the red haw and in some cases prickly ash (Zanthoxylum ameri- 
canum) form societies in many places. Where the shade is less dense, 
Indian currant is common. Lianas are common generally. Grape and 
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Fic. 4. Abundance of principal tree species in upper 
and lower terraces of the bottomland, expressed in per- 
centage. 


Rhus toxicodendron are most abundant, while smilax and wild yam root 
are found less frequently. The chief herbaceous species is the giant rag 
weed, but such plants are Achillea millefolium, Helenium autumnale, 
Silphium perfoliatum, Penstemon canescens, Prenanthes alba, and 
Heracleum lanatum are found in the richer places. None of these act 
as subdominants, but the wild rye (E/ymus virginicus) sometimes forms 
a great society extending completely across a flood plain. 

Many small tributaries entering the main channel support a varied 
vegetation depending on the depth and rate of flow of water and the 
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character « adjacent vegetation. The trees present are all indicative 
of the nearness to water. The herbaceous species are Typha longifolia, 
Acorus Calamus, Iris veriscolor, Scirpus validus, Rumex spp., and Carex 
spp. Their conspicuous control of the habitat is due to rapid propoga- 
tion by rhizomes. 

The ponds and oxbows are few in this region. Those present have 
willow, silver maple, and cottonwood growing at their edge. The dom- 
inant species in ponds vary from button bush (Cephalanthus occident- 
alis) in some to rose mallow (Hibiscus Moscheutos) in others, and in 
one pond produced accidently by the building of a bridge, spatter dock 
(Nymphaea) controls the aspect. 

Springs are relatively rare and do not greatly affect the vegetation. 
At one point three large springs have so washed the soil that sand is 
exposed. At the base of the washed area Scirpus pauciflorus and Pilea 
pumila dominate. The water running over the sand gives rise to beau- 
tiful and interesting lime incrustations, some of which are cone-shaped, 
others are ridges with serrated edges, and still others have more intricate 
forms. Algae attach themselves to these and make a most attractive 
colony. The chief algal forms are Vaucheria, Oscillatoria, and diatoms. 
The roots of the elm growing on the slope above were exposed, and 
Conocephalum conicum was found abundantly here. The mosses identi- 
fied were Anomodon attenuatus, A. tristis, A. minor, Brachythecium 
salebrosum, Climacium americanum, Campylium spp., Mnium_ rostra- 
tum, M. stellare, M. affine-ciliare, Leskea obscura, and Fissidens sub- 
basilaris. 


Newcoms Woops 


This is the richest piece of woods left, along the Sangamon River, 
in Champaign County, both as to species and number of individuals. 
The woods are composed of a number of plant communities located 
within a very short distance of each other, which may be designated as 
follows: 1, upland (oak-hickory edaphic climax association) ; 2, slope 
(red oak-basswood associes) ; 3, elm consocies; and 4, flood plain (elm- 
maple associes). 

In some places the flood plain is terraced. A small stream meanders 
through a wide bottomland area before emptying into the river. This 
bottomland is relatively old as indicated by large elms, a few large soft 
maples, and no willows. The ash is fairly abundant, generally coming 
in at the time the elms appear in the successional series. The bur oak 
may invade a flood plain area very early or late in the history of its de- 
velopment and therefore cannot be used to determine the age of the 
flood plain. This bottomland is continuous with the one along the main 
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river, and the trees are of the same proportional abundance with the 
addition of a little basswood and honey locust. Several large cotton- 
woods are present. 

In the terraced flood plain the lower terrace is subject to flooding 
at each period of high water, the upper terrace only at times of heaviest 
flood. This is indicated by layers of washed soil and debris. The river 
is constantly building up the lower terrace, so that here the willows are 
dying out, particularly further back from the river. The soft maple, 
generally conceded to follow the willow in succession, controls the lower 
terrace. The upper terrace has fewer soft maples but many large elms, 
which indicate its age. The honey locust and hackberry are more con- 
spicuous than on the lower terrace, while in some places the red oak is 
present. 

The red oak continues up the slope with the basswood. These two 
species indicate a mesic condition and may be considered the stage be- 
fore the true climax would occur, which in this area would be hard 
maple. 

The upland is characterized chiefly by white oak with red oak next 
in abundance (Figure 1). Other species are shagbark hickory, black 
wild cherry, and a little black oak at the outer edges. The red oak, al- 
though scattered throughout, is found in greatest abundance on the 
slopes and lower elevations of the upland, indicating a less severe 
drainage. 

The upland is characterized by an undergrowth of sassafrass, there 
being also some large trees of it present, and Indian currant, blackberry, 
elm, and prickly ash. The latter forms conspicuous societies. The 
shrubs of the slopes are chiefly gooseberry and smilax. 

The elm consocies lies at one side of the meandering stream. The 
giant rag weed and elder berry compose the undergrowth. 

A part of the upland forest which has been cut over is rapidly re- 
turning to the edaphic climax, with white oak, butternut, shagbark 
hickory, and elms. The species are being reproduced by coppice growth. 
Stump counts of annual rings show the ages of the oaks to vary from 
45 years to 70 years. 

The herbaceous layer is very rich, but space cannot be taken to list 
the numerous species. 


CLIMAX VEGETATION 
This region lies in the broad ecotone between the deciduous forest 
of the east and the tall grass prairie of the west. In such a region there 
is always some question as to what association represents the climax. 
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The oak-hickory association is the most prevalent and appears to be 
relatively stable, but in the opinion of the writer it represents an 
edaphic climax association rather than the climatic climax. In times 
past the forest was undoubtfully encroaching gradually upon the 
prairie. This encroachment was slow because evaporation ordinarily is 
so great on the prairie that the seedlings of trees cannot get a start. 
This does not necessarily mean that the climate will not support a 
forest. Trees several years old set out on the prairie grow very well, 
but only during a series of wet years are seeds able to germinate and 
live through the critical seedling stage. The white and black oaks and 
the hickories are xeric trees and have dominated the well-drained up- 
lands, but the climate will support an equally luxuriant association of 
hard maple and red oak. There is no beech in this region, nor anywhere 
else in the county. The nearest beech is about thirty miles east, in Ver- 
million County. Probably if this region had been ieft undisturbed by 
man for a longer time, beech would have finally advanced this far west. 
The climate appears at present too xeric for beech, though not for hard 
maple. For these reasons it is believed that the hard maple and red oak 
association is the climatic climax, while the oak-hickory association is 
an edaphic climax. 
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THE EFFECT OF CERTAIN DYES ON PLANT 
PATHOGENIC MICROORGANISMS 
BY 
H. H. THORNBERRY 


University of Illinois, Urbana. 


Methyl violet was tested in experimental spraying for the control 
of bacterial spot of peach at the University of Illinois during the spring 
and summer of 1928 and 1929. ‘Toxicity studies in the laboratory in- 
dicated that a dilution of 1 part of dye in 50,000 parts of water it 
inhibited the growth of Phytomonas pruni, the causal organism. ‘The 
field tests were made with a dilution of 1 to 2,000 and the sprays were 
applied as in orchard practice. The dye penetrated the leaf lesions and 
either sterilized the infectious tissue or inhibited the growth of the 
bacteria, which prevented further spread of the original infection. 
Thirty-eight other dyes were tested in the laboratory for their toxicity 
or bacteriostatic action on ten plant pathogenic bacteria, four other 
species of bacteria, and one species of Fusarium. The results from only 
twelve dyes and seven micro-organisms are given in this paper. 


METHODS 


Churchman’s (2) plate method for testing the effect of dyes in 
medium on the growth of bacteria was followed thruout this study ex- 
cept that two plates were employed instead of the mica strips for 
separating the dye-medium from the dye-free-medium. Other methods 
were used to some extent, but they proved unsatisfactory. The medium 
was prepared by adding the necessary amount of a one per cent aqueous 
solution of the dye to 9 ce. of melted one per cent dextrose agar and 
mixing thoroly before pouring plates. The inoculum consisted of four- 
to seven-day-old cultures on dextrose agar slants. Incubation was at 


Phe 
25°: C. 
RESULTS 


Data from the toxicity tests of twelve dyes on seven microorganisms 
are summarized in the accompanying table. They are approximate 
values which were derived from the repeated tests. 

The mechanism of the effect of dyes on the growth of bacteria has 
not been definitely proved. Churchman (3) states that it is an in- 
hibition of growth (“bacteriostasis”) or of reproduction (“genesistasis” ) 
in most cases and that this is much more striking than the actual 
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bacteriocidal power. The selectivity of bacteriostatic action (Church- 
man 2 and 3) of the triphenyl-methane dyes on the Gram positive bac- 
teria is very pronounced. Stearn (6) believes that a compound results 
from the action cf crystal violet on nucleic acid of the Gram positive 
bacteria. 

Methyl violet, crystal violet, gentian violet, brilliant green, and 
malehite green, which are closely related inhibited the growth of the 
bacteria used in this study. Para-rosaniline, fuchsine, and opal blue are 
also related to gentian violet, but they did not inhibit growth. Com- 
parison of the chemical structure of these dyes show that a particular 
grouping in the molecule is associated with the selective bacteriostatic 
power. 

The nitrogen attached thru a double bond to the quinonoid color 
group, which constitutes a basic dye, is pentavalent as it is in an 
ammonium salt. In the non-toxic dyes, pararosaniline and fuchsine, the 
salt is the hydrochloride (= N.H:HCl). In those toxie the salt is a 
substituted ammonium chloride in which one or two hydrogene are re- 
placed by alkyl (methyl or ethyl) groups (= N:(CH,)..Cl). The 
specificity of reaction is apparently associated with this mono- or di-alkyl 
ammonium salt arrangement. If a phenyl group is substituted in the 
place of methyl for one hydrogen as in opal blue, the dye is non-toxic. 
This grouping is similar in many respects to an additive compound, 
such as, ammonium chloride of Ampére’s ammonium theory, in which 
the secondary valences are active only toward certain molecular com- 
plexes. The substituted ammonium salt, however, is capable of ioniza- 


SUMMARY OF DATA FROM LABORATORY TESTS OF TWELVE DYES ON 
SEVEN MICROORGANISMS 























| | | 
Phyto- Phyto- Phyto- Phyto- Phyto- Phyto- ’ 
Dye monas mein monas monas —— monas Fusarium 
: actuca- sonal’ open er- 7 : species 
pruni scnviaiaas polygoni phaseoli beridis! viburni 

-~ 
Para-rosaniline | } —— ++ 
Fuchsine- -_._- a | ——| =< — ++ 
Methyl violet..| +++] ++-+| ++ ++ + | ++ +++ 
Iodine green... ++ ++ + | ++ + + to ++ 
Malchite green. +++ +++ +++ +t + +++ + | + 
Brilliant green. +44 5 ah ey A ROE EA TOL SES: SSE DRE remap eens | aan 
in a canks ge) RE ONSET REAP ER PEs Ee 
Opal blue-. - . - - - | SS! SE ee acicycacooa 
Methylene blue nee —— _ _—— —— 
Eosine........ - -— —-— -— -_-— 
Erythrosine. - - —-— ~ _-— —- - —— 
Mercurochrome +++ +++ ++ ++ + + + +++ -— 

— — = No inhibition. 
+ = Inhibition at 1-1,000. 
+ + = Inhibition at 1-10,000. 
++ + = Inhibition at 1-100,000 


1 These bacteria are to be described in a forthcoming publication. 
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tion which characterizes it as a dye. Irwin (5) mentions that cresyl 
blue penetrates living cells of Nitella as undissociated molecules. If the 
inhibitive action is that of the dye ion on some ion of the protoplasm, 
nucleic acid for example, ionization apparently is influenced by the con- 
tents of the cell. Ionization may not be necessary for combination. 
Secondary valences in the dye molecule may be sufficiently attracted by 
a molecular complex or by secondary valences of elements in the pro- 
toplasm to unite and produce a compound which is held together sufti- 
ciently to interfere with the normal function of the living cell. 

The influence of substituted groups for hydrogen in para-rosaniline 
base determines the property of color quality and of solubility of the 
tri-phenyl-methane dyes. ‘These are usually simple groups (methyl, 
ethyl, phenyl, and hydroxyl), but may be rather complex. Benda (1) 
under the influence of Paul Ehrlich’s views believes that alkyl groups, 
ethyl more than methyl, in the molecule of acridine yellow tend to re- 
duce its toxicity for the parasite which causes African sleeping sickness. 
Neutral acriflavine which was developed later contains the (—=N: (C- 
H,)..Cl) grouping which is common in the toxic tri-phenyl-methane 
dyes. Ehrlich apparently had reference to the alkyl groups of the sub- 
stituted amino nitrogen which is tri-valent and to those attached to 
cyclic carbon atoms. Malchite green, which is more toxic than methyl 
violet, contains one methylated amino group, while in methyl violet there 
are two. In other respects the molecules are identical. This is in con- 
formity with Ehrlich’s view. 

The inhibitive action of dyes apparently does not result in the death 
of the cell. The effect, in some cases, is offset and the cells resume 
normal function by removing the dye. Para-rosaniline and fuchsine at 
dilutions of 1-10,000 stimulated the growth of Phytomonas berberidis 
and P. viburni. 

Methylene blue, eosine, and erythrosine possessed no bacteriostatic 
power under the conditions of the tests. Mercurochrome, which is the 
mercuric salt of fluorescein, was toxic to all the bacteria but non-toxic 
to the Fusarium. 

The fungicidal or fungistatic properties of these dyes are correlated 
with bacteriostasis. However, malchite green, which had a stronger 
bacteriostatic action than methyl violet, was less active as a fungicide. 
Mercurochrome in 1 to 10,000 medium was inactive to the species of 
Fusarium. This is in conformity with Clark’s (4) work on the effect 
of gentian violet and mercurochrome on Endomyces albicans. Gential 
violet at a dilution of 1-100,000 and to some extent at 1-400,000 in- 
hibited the growth of both the mycelial and the yeast form of the 
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l organism. Mercurochrome at a dilution of 1-10,000 caused no inhibition 
2 to either form. 
, In preliminary trials on the penetration of dyes into tissue, seg- 


F ments of apple were submerged in 1-100,000 dye solutions of methyl 
violet, gentian violet, and malchite green. The segments were removed 
y and sectioned after one hour. The dyes had penetrated approximately 
4 1.5 mm. through the cut surface, but had neither penetrated nor stained 
: the epidermis. The cells in the region of the absorbed dye were dis- 
joined, while those exposed to tap water as a check were connected. 


e Apparently the dye disorganized the substances which bound the cells to- 
e gether, probably by stimulating enzymatic activity. 
, 
) SUMMARY 
, 1. Methyl violet is a potential spray material for the control of 
“i bacterial spot of peach. 
. 2. The results of the effect of twelve dyes on seven plant patho- 
. genic microorganisms are given. 
e 3. The methylated ammenium salts of the tri-phenyl-methane dyes 
‘ seem to be associated with the selectivity of bacteriostatic action. 
0 4. Alkyl groups, ethyl more than methyl, attached to amino 
i nitrogen, and cyclic carbon atoms tended to reduce bacteriostatic power. 
e 5. Para-rosaniline and fuchsine stimulated the growth of Phy- 
- iomonas berberidis and P. viburni. 

6. Bacteriostatic and fungistatic action of the dyes were correlated. 
h Mercurochrome, however, was inactive to Fusarium sp. 
e 7. Some dyes penetrate, stain, and disjoin cells of freshly sectioned 
t apple tissue, but they do not penetrate or stain the epidermal cells. 
Ss 
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A PRELIMINARY VEGETATION MAP OF ILLINOIS 
BY 
ARTHUR G. VESTAL 
University of Illinois, Urbana. 


The native vegetation of Illinois is sharply differentiated into 
prairie and forest. Each of the two vegetation-types comprises a num- 
ber of communities or associations, and these are not sharply set off one 
from another, but there are variations, some marked, some hardly as 
yet recognized, which reflect the very gradual transitions in temperature 
and rainfall, as well as the sometimes abrupt changes in topography and 
soil. Of recent years the increasing body of information available in 
the reports of the State Soil Survey have given us detailed reconstruc- 
tion of forest and prairie boundaries. Some of these are shown with 
great accuracy in the soil maps now printed for more than half of 
the counties. The forest boundaries for the state as a whole have 
already been drawn in, on the scale of eight miles to the inch, on a map 
prepared by C. J. Telford, formerly extension forester of the State 
Natural History Survey. His map is principally based on the soil maps 
for the counties for which these were available at the time, and a detailed 
reproduction of this map is printed in the Third Report on a Forest 
Survey of Illinois (Telford, 1926). 

It has seemed worth while to construct a map of the geographic 
divisions of Illinois (Figure 1), as a step toward a vegetation map. The 
divisions are based upon the broader features of topography, glacial de- 
posits of varying ages, and soil. The aim is not so much to picture in 
fairly detailed fashion the distribution of a number of types of environ- 
ment after the plan of the provisional soil map of Illinois, (Smith and 
Norton, 1929) which represents 17 groupings of soil units as they occur, 
some of them discontinuously. The aim is rather to distinguish a 
minimum number of geographic divisions, each with some degree of 
unity in climate, soil, topography, and physiographic history. Each 
such division may therefore be expected to provide over its extent 
similar conditions for the development of a particular combination of 
forest and prairie communities. It may further be expected that the 
combination of communities in a neighboring division will differ some- 
what (or greatly, depending upon degree of environmental difference) 
from that in the first division. Such a map may form the basis for test- 
ing out such expectations, and enable us to determine. what the distinc- 
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tive species and vegetational features of each division may be. We are 
thus likely to note not only which plants and which communities are 
characteristically present in a given area, but also which are absent and 
how the same community may differ in composition in adjoining areas, 
and how given species may differ in their abundance and frequency. We 
may further find that the same plant growing in different divisions of 
the state may develop differently in form or in size, or may be found in 
differing combinations of habitats, or with different associates. The 
boundaries will also suggest to us where to look for distributional limits 
of a plant species, and where to expect the more rapid transitions, or the 
abrupt changes in types of forest and in composition of communities. 

The outline map of the several areas (Figure 1) is relatively simple, 
and is in almost all of its features based on differences in physical 
geography. Telford’s map of forest and prairie distribution shows a 
relation to these physical boundaries only in the fact that the recent 
(Wisconsin) glaciation is for the greater part treeless, and that ex- 
tensive areas of prairie upland occur also within the western division. 

Some of the boundaries do not mark off a rapid transition in the 
plant life; in other cases the vegetational evidence of having entered a 
different division may confidently be predicted as soon as one has crossed 
the boundary. Thus in traveling from north to south from the Shelby- 
ville moraine into the Southern division, one can be sure of encountering 
within the first mile, scattered trees and groves of pin oak, which is 
characteristic of the poorly-drained flat surface of the older soils. 

The main object of these maps and of the brief descriptions of the 
divisions and districts has been to call attention to those parts of Illi- 
nois which seem to offer new promise for study of vegetation and plant 
distribution. It is especially urged that those members of the Illinois 
Academy who may locate notable areas of undisturbed vegetation, par- 
ticularly the fast-disappearing remnants of prairie in the western and 
southern divisions, should make them known to the Academy’s Com- 
mittee on Ecological Survey. 

The larger map, Figure 2, was made by drawing both divisional 
and forest-and-prairie boundaries upon the same base, and by then em- 
ploying for the forested part of each division a distinctive hatching, so 
that the divisions might stand out one from another with sufficient con- 
trast. In Figure 3, which includes western Indiana, the larger expanses 
of prairie are shown and named. 

It should not occasion surprise if the same physical boundaries 
which are of importance to vegetation should prove to mark off districts 
for agriculture and for various phases of human geography. It is 
hardly necessary to point out that the distribution of native animals 
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Fig. 1—Outline map of the geographic divisions of Illinois. The heavy 
solid lines are the divisional boundaries; the two lines with dashes separate 
districts within the Southern Division; the dotted lines enclose the sand- 
plains and the outwash deposits of glacial rivers (with associated bottom- 
lands and swamps). The abbreviations of names of areas are as follows: 
T. D., Tertiary Division; R. and G. Bottoms, combined valley of the lower 
Rock and lower Green rivers; Jll. R. B., valley of the Illinois River below 
the moraine; L. C. S. P., Lake Chicago sand-plain; K. B., bottoms of Kan- 
kakee River; 8S. B., Shelbyville border. Towns after which districts are 
named are indicated by initials: F, Freeport; M, Macomb; S. Springfield; 
E, Effingham; Mc, McLeansboro. 
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Fig. 3—Map of the larger expanses of prairie, shown as the areas free 
from shading. Note the outer Wisconsin moraine, marking the east edge 
of the Western Division, is straddle@ by both Mendota Prairie and Grand 
Prairie. Note also the virtual isolation of the southwestern end of the Grand 
Prairie by the forest system of Sangamon river. The eastern extensions of 
the Grand Prairie are taken from C. C. Deam’s map of the Forestal Areas of 
Indiana (1921: 302), except just south of Lake Michigan, where more de- 
tailed boundaries (modified by field study) are taken from the U. S. Bureau 
of Soils maps for Lake and Porter counties. The approximate boundary of 
the Wea Prairie (separated from the Grand Prairie by the forest system of 
Wabash River) is contributed by D. H. Thompson, Illinois Natural History 
Survey. In southern Illinois, part of Telford’s boundary (1928: Plate IT) of 
the area within which post oak forms a frequent forest type, is added. 
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into the various natural divisions of the state will parallel that of 
the plants, and that certain of the boundaries may prove to be helpful 
in dealing with distribution and differences in abundance of honey 
plants, weeds, plant diseases, and economic insects. ‘The divisions as 
now provisionally recognized are arranged in the following outline, 
which includes also some of the more important subdivisions, here called 
districts. 
Grand Prairie Division (N.E. Illinois) 
Chicago sand-plain 
Kankakee River bottoms (and dunes) 
Western Division 
Freeport district 
Rock-Green River bottoms (and dunes) 
Macomb district 
Illinois River bottoms (and dunes) 
Springfield district 
Jo Daviess Hills (N.W. Illinois) 
Mississippi Border (loess ridges and bottoms) 
Southern Division 
Effingham district 
McLeansboro district 
Old-morainal border 
Wabash Border 
Ozark Hills 
Tertiary Division (extreme south) 
Ohio River bottoms 
Tertiary Hills 
The divisions may now be characterized briefly as to both physical 
and vegetational features. 


GRAND PRAIRIE DIVISION 


This name is applied te the northeastern part of Illinois, all of the area 
of recent or Wisconsin glaciation, because of its generally treeless character, 
though the area is by no means co-e\tensive with the Grand Prairie of old 
maps. It has the youngest soils of the state, in which leaching of dissolved 
materials has not progressed to any considerable extent. The provisional 
soil map shows three groupings of soils with calcareous subsoils—all of these 
are confined to northeastern Illinois. 

The prairie of the late Wisconsin glaciation is very similar to that of 
the early Wisconsin a little farther south, except that on the most recent 
morainal surfaces the low prairie and swamp prairie are possibly somewhat 
better developed. Silphium terebinthinaceum and Eryngium yuccifolium, 
and the three large bunch-grasses, Sorghastrum nutans, Andropogon furcatus 
and Sporobolus heterolepis, are perhaps more frequent in this black-soil 
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prairie of northeastern Illinois than elsewhere. Two accounts of this type 
of prairie may be cited for detailed information (Vestal, 1914, and Paintin, 
1929). 

Although the morainal lake country of Lake and McHenry counties has 
not thus far been represented as a separate district within the Grand 
Prairie division, further study will probably require that it be so treated. 
Much of the surface is decidedly hilly, the rolling surface of these most 
recent moraines exhibiting considerable relief. These morainal hills were 
largely forested, and extensive tracts of timber still remain. Bur oak is 
the most conspicuous tree; linden and red oak are frequent in mesic sites. 
The depressions contain numerous lakes, marshes, and bogs. In the latter, 
relic colonies of tamarack are still extensive; in a springy situation at 
Trout Park north of Elgin native arbor vitae trees occur, and other northern 
trees are recorded nearer Lake Michigan in Lake County. 

The Beach area north of Waukegan, described by Gates (1912), is 
similar to the Chicago sand-plain, with sand-ridges, dunes with sand prairie, 
and sloughs. Its native woody plants include several northern conifers. It 
continues into more extensive sand-plains along the lake shore in Wisconsin. 

Much of the Chicago sand-plain was very similar to the alternating 
sand-ridge and slough country in the northwestern corner of Indiana. As 
late as 1915 many species of sand-prairie plants were still found in vacant 
lots near the lake at Rogers Park and in the vicinity of the University of 
Chicago. Stunted black oaks were also frequent on the ridges and sandy flats. 

The Kankakee River bottoms are generally sandy, flat, and until recently 
very marshy and subject to flood. Treeless marshes occupied the wet flats, 
with occasional growths of swampland trees, including pin oak and black 
birch (Betula nigra). Extensive drainage activities have reclaimed much of 
the bottom for cultivation. The low dunes of brownish sand here and there 
surmounting the flats are generally covered with black oak, with some ad- 
mixture of white oak, and there is good representation of a sand-prairie 
flora.* 

Most of the surface of the older Wisconsin moraines in the southern 
part of the Grand Prairie division is treeless, although before the influence 
of prairie fires (beginning perhaps some hundreds of years ago) it is prob- 
able, as Gleason (1923) has shown, that forest was much more extensive 
than now. The largest forested tracts remain where moraines are cut 
through by the larger streams, as in the vicinity of Bloomington. Forest 
development was presumably best at such places because of the greater 
degree of dissection, giving sheltered ravines with well-drained slopes. 

The southern morainal border of the Grand Prairie division was gen- 
erally forest covered. In this Shelbyville moraine, and in the ravines just 
south of it, the beech tree extends west into Illinois some 18 or 20 miles from 
the Indiana line. Black gum (Nyssa sylvatica) and tulip-tree are among 
the associates of the beech, maple, oaks and hickories of this Shelbyville 
border, which for some purposes may be considered to include certain out- 
wash deposits just south of the moraine itself. 


* The description by Telford (1926:37) of oak forest upon dunes contains the 
following passage. “Such soils . . . are generally regarded as originally non- 
forested. At present considerable areas of such land are forested with even-aged 
stands of an age roughly corresponding to the period which has elapsed since the 
region was settled.” 
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WESTERN DIVISION 


Most of western Illinois south from the Wisconsin line for two-thirds of 
the length of the state is designated here as the western division. The 
JoDaviess Hills and the Mississippi Border are treated as separate geo- 
graphic units. The glacial drift of the western uplands is old, especially so 
toward the south, but more recent deposits of loess covering the surface 
have tended to obscure soil differences accompanying age-differences of the 
drift, and in general to improve the soil for both native and cultivated 
plants. The thickness of loess is less with increased distance from its 
source—the Mississippi and the lower valley of the Illinois. 

The prairies of western Illinois have a well-marked component of dis- 
tinctly western plants, such as Bouteloua gracilis (the grama-grass of the 
Great Plains), and Amorpha canescens, (the lead-plant). Poorly-drained 
low prairie and prairie sloughs are smaller and less frequent than in the 
Grand Prairie division. Since the streams have been enlarging their valleys 
and extending their tributaries for a longer time, a smaller proportion of 
undissected prairie upland remains than in the Wisconsin drift, and near 
the larger rivers almost all of the area is occupied by forested ravines. 
Much of this area has been allowed to remain in forest. The forests are 
made up of the same tree species as are found farther east. 

The extremely broad valley occupied by Green River and the lower 
Rock River is in many respects comparable to the valley of the Illinois 
River for some distance below Peoria. Both valleys were excavated by the 
swollen floods from the melting front of the Wisconsin ice sheet. The out- 
wash materials of these great valleys are coarse near the Wisconsin moraine, 
grading into finer materials farther downstream. Extensive sand-plains have 
thus developed. Marshy flats form the floor of the Rock and Green valley; 
prairie-covered flats of sandy loam, now cultivated, make up the extensive 
terrace of the Illinois valley. Upon these flats in both valleys are dunes of 
varying height and areal extent, covered with sand prairie alternating with 
xeric black oak forest. Quercus marilandica (blackjack oak) forms low 
scrubby forests; white oak is rare; red oak and yellowbud hickory are fre- 
quent in the Illinois River dunes. 

The three upland districts of the western division are named after more 
or less centrally located towns within them. The glacial drift of the north- 
ernmost or Freeport District is older than the Wisconsin and probably all of 
it is younger than the Illinoian. Prairie of this district slightly exceeded 
the forest in area. The woody plants include several northerly species, such 
as Quercus ellipsoidalis (Hill’s oak). The pine grove west of Oregon is in 
this district. 

The Macomb District includes more forest land than prairie, principally 
in the well-dissected drainage basins of the larger tributaries on the north- 
west side of the lower Illinois River. These are Spoon River, Crooked Creek, 
and McGee’s Creek. 

The Springfield District contains sharply-contrasting forest and prairie 
areas. The northeast part is slightly larger, and is mostly prairie upland. 
The morainal border which separates this part of the western division from 
the Grand Prairie division is almost entirely treeless on the outer (south- 
western) side, and this sector of the moraine itself has very little forest. 
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This is the arm of the Shelbyville moraine which extends from Illinois 
River south-southeast to Kaskaskia River. 

Probably this sector of the moraine may at an earlier time have been 
more extensively forested, but its trend, and the fact that the streams cross- 
ing it afforded little protection from drying winds and the once-prevalent 
prairie fires, favored the further encroachment of prairie upon forest. 

It is likewise true that the more northerly stretch of moraine which 
separates the western and Grand Prairie divisions is generally treeless. 
This stretch of outer Wisconsin moraine, from Illinois River north and 
northeast to Marengo ridge in western Kane County, is somewhat more 
recent, and belongs to the Bloomington system of moraines rather than to 
the Shelbyville. But its generally north-south trend results in minimum 
protection for forest from drying winds and from prairie fires. The lack of 
protection for forest which may already have developed is probably of less 
influence in this northerly sector than is the location in the middle of a 
very extensive prairie area north of Illinois River and south of Rock River, 
extending east to the forested late-Wisconsin moraines of eastern Kane and 
Kendall counties, and extending southwest almost to Galesburg. Since the 
town of Mendota is not far from the center of this large expanse of prairie 
land, and since a number of important lines of travel converge there, the 
term Mendota Prairie might prove to be useful for this treeless area which 
stretches across the northern part of both western and eastern divisions of 
the state. The other large treeless expanse or Grand Prairie includes the 
northeastern part of the Springfield district (of the Western division), and 
almost all of the Grand Prairie division east and south of Illinois River, 
and extends northeast to Chicago and east into western Indiana. It seems 
helpful to show the location of these two great prairie expanses upon a 
separate map (Fig. 3). For certain purposes the boundaries which set off 
these two great prairies from the surrounding forested lands will have 
greater significance than the important morainal boundary across which 
both prairies lie. 

To return to the Springfield district of the western division: its north- 
eastern part, considerably more than half its area, is prairie upland. But in 
' the middle of this prairie upland is a large forested tract, the dissected 
valley of the lower Sangamon River and its tributaries. The forested tract 
7 trends northwest-southeast, and lies in an axial position with respect to the 
prairie upland. The prairie southwest of it is thus nearly cut off by the 
Sangamon stream system from the Grand Prairie on the northeast side of 
’ the forested tract. The remaining examples of native vegetation within this 
prairie to the southwest may, when studied in detail, prove to show inter- 
, esting peculiarities of floristic composition which should throw light upon 
geographic and historic relations of vegetation in this part of the country.* 

The southwestern part of the Springfield district is well dissected, and 
parts of the upland were forest-covered, so that only about 12% of the area 
, was prairie. 


* Similarly cut-off prairies in the western part of the Macomb district seem 
1 likewise to afford promise for detailed study. 
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JO DAVIESS HILLS 


The hilly part of the driftless area in JoDaviess County probably 
served as a refuge for preglacial plants, and includes a number of plants 
of limited distribution. It is maturely dissected; its canyons and steeper 
slopes have probably been continuously forested; the more gently-rolling up- 
lands and the surviving areas of flat plateau-top may have been, in the early 
part of the nineteenth century, mostly prairie, perhaps with open oak forest 
and scattered individual trees. Pepoon and others who have investigated the 
region attribute this condition to fires recurrently set by the Indians to in- 
crease pasturage for game animals. Early settlement by lead miners and 
attendant cultivation was followed by cessation of the recurrent fires, per- 
mitting forest trees to spread greatly. Pepoon (1910) describes the general 
cover of the dissected uplands as a rather crowded forest of Hill’s oak and 
white oak (the latter on the thinner, poorer, or more clayey of the residual 
soils). From the statement as to age of these trees it is inferred that a 
great many of the white oaks became established about 1835, and many of 
the Hill’s oak (which is similar in appearance to scarlet oak) about 1860. 
Black oak occupies xeric ridge-tops and dry rocky cliff-edges; northern 
plants, white pine, yew, canoe birch, and certain northern herbs, persist on 
the cliffs ef the larger streams. The prairie of flat upland remnants with 
heavy subsoil was encroached upon by a tree cover of quaking aspen and 
poplar. Two fairly extensive treeless areas, Frink’s Prairie and Jules Prairie, 
are seen on Pepoon’s map. 


THE MISSISSIPPI BORDER 


The separate recognition of the deep-loess ridges bordering the Missis- 
sippi bluffs and extending for a few miles inland, as apart from the adjacent 
forest of the silt-loam uplands of the western and southern divisions is pos- 
sibly ill-advised, but it may be of value temporarily as calling attention to 
the possible floristic and developmental differences which result from occu- 
pation of the better soils. Added to their great variety of tree species and 
the favorable conditions for rapid growth and attainment of large size, is 
the fact that these river-border areas have been longer occupied by forest 
growth, since migration of trees into prairie has progressed northward and 
northwestward along the stream valleys. The attainment of a climax stage 
of vegetation-development is therefore more likely in the mesic ravines of 
the larger valleys. 

No attempt is made thus far to draw the boundary between the bottoms 
and the loess ridges within the river-border areas. On any large-scale map 
this will easily be practicable. Telford’s report (1926: 25-28) lists as the 
common trees of the Mississippi bottoms in northern Illinois, six species: 
soft maple, elm, willow, black birch, pin oak, ash. In the Union County bot- 
toms much farther south, seven additional species are mentioned as 
abundant: cottonwood, hackberry, red gum, pecan, swamp white oak, bur 
oak, and lyre-leaved oak. (Sycamore should probably be added to the list 
of common bottomland trees). 

The wider bottomlands of the large rivers included fairly extensive 
tracts of prairie, although most of this has been completely destroyed by 
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cultivation. Sand prairie is still common along the Mississippi from south- 
ern JoDaviess County to northern Hancock County. Its vegetation is very 
similar to that of the Illinois River sand prairie (Gleason, 1910). The Han- 
over and Oquawka sand areas are the more notable within the Mississippi 
border. Black oak forest competes with the sand prairie, and in a number 
of localities has replaced it. In a few places sand has been blown up from 
the valley to the upland. 

The loess bluffs directly overlooking the Mississippi toward the west are 
xeric in their exposure to wind and sun, and are in places covered with a 
dry grassland vegetation in which numerous western prairie species are 
found. 

The northern and central parts of the river-bluff country are not at 
present continuously occupied by forest, because of very general cutting. 
Interruptions of the loess mantle or of the forested condition occur at sev- 
eral places, such as southern Mercer County, and central Hancock County. 
Here both loess border and bottomland are completely absent on the Illinois 
side of the river. 

The deep-loess areas in the dissected country bordering the lower IIli- 
nois River are entirely comparable to those of the Mississippi border. The 
Jersey County hills on the east side of the Illinois have good forest cover 
very similar to that of the Calhoun hills on the west side. The river-bluff 
forests south of Alton and through the East St. Louis area have been largely 
cut off. This condition prevails as far south as Monroe County, as stated by 
Telford (1926:50). Telford describes also the heavily-wooded southern part 
of the Mississippi border, with occurrence of shortleaf pine at Piney Creek 
in Randolph County, and, as one follows southward, the successive addition 
of southerly trees to the upland forest. Black gum occurs as far north as the 
mouth of the Kaskaskia. Beech and tulip-tree enter the upland forest about 
at Piney Creek. Sweet gum and cucumber-tree (Magnolia acuminata) are 
not encountered north of the Ozark highland. 

Calhoun County, the narrow neck of land between Mississippi and IIli- 
nois rivers, with parts of Pike County to the north, and a narrow strip 
across the river in Missouri, have until recently been regarded as never 
covered by glaciers. Although the Illinoian till ends just east of Calhoun 
County, it is now practically certain that one or both of the older glaciers 
covered the area, thus eliminating the possibility of survival there of pre- 
glacial plants. The Calhoun area thus differs from other parts of the Mis- 
sissippi border only in the respect that Illinoian till is lacking. 


THE SOUTHERN DIVISION 


The oldest area of Illinoian drift, exclusive of its loess-covered borders 
along Wabash and Mississippi rivers, is mapped as the Southern division. 
The original surface was very flat, and during the great time available for 
weathering and leaching of the flat uplands, and for removal of parts of the 
surface by stream action, considerable change has taken place. Later depo- 
sition of loess on both eroded and uneroded surfaces, and the continuation of 
weathering and leaching, have given to the soil profiles a rather complicated 
character. According to original flatness or rolling surface, and to the pro- 
portion of surface removed by erosion, we may recognize three districts: 
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(1) The relatively flat and uneroded northern part or Effingham district, 
(2) the generally rolling and in places eroded southern and eastern part, or 
McLeansboro district, and (3) the northwesterly zone bordering the West- 
ern division, here termed the Old-Morainal Border.* 

Effingham district—Typical conditions in the uneroded part will first be 
described. The soil of this old flat till-plain is not favorable to plant growth, 
since the fine texture and impervious subsoil prevent good drainage and good 
aeration. Consequently plants suffer from too much water in spring, and 
from drought in late summer. Conspicuous among the prairie plants in this 
area are those of low ground or of swamp-prairie, notably Cicuta maculata 
(poison hemlock), sedges, and rushes. Two dry-soil plants frequently seen 
in summer are Plantago aristata and Ambrosia bidentata, a ragweed. 

The trees which occur as scattered individuals or in groves over the flat 
upland are likewise indicators of poor drainage, being mostly bottomland 
species. Pin oak, shingle oak, honey locust, black birch, and others are com- 
monly thus seen on the upland. 

Another tree indicative of rather poor soil, though not usually such wet 
situations, is post oak, Quercus stellata. Distribution of post oak in Illinois 
is mapped by Telford (1926: Map II). It is seen that this oak is typical of 
the Southern division, avoiding both the outwash area just below the 
Shelbyville moraine, and the Wabash border. Toward the northwest it over- 
laps the old-morainal border in two places. Blackjack oak, restricted to sand 
in its northerly extension up the Illinois and Mississippi valleys, occurs also 
on heavy soils in many parts of the Southern division. It too shuns the 
Shelbyville and Wabash borders. Better soil permits the growth of additional 
trees, such as black oak, hickories, and white oak. 

In this Effingham district, most of the area had either prairie vegetation, 
or forest of the post-oak or pin-oak types. Where the upland flats have given 
way to the slopes of stream valleys, drainage conditions are much improved, 
and a mixed hardwood type of forest develops with the oaks and hickories 
just mentioned, walnut, elm, and also red oak, bur oak, and ash. Good 
representation of the prairie of level flats in this district is seen in Cumber- 
land County, and southwest of Laclede. 

McLeansboro District.—Very little flat upland, and consequently still 
less prairie, is seen in this area. McClintock describes the surface as rolling 
before the deposition of Illinois drift. The mixed type of hardwood forest as 
described above, with addition of black gum, sweet gum and hard maple, 
overcup oak, yellow oak, and tulip-tree, was generally prevalent, and con- 
siderable tracts still occur. Prairie of this district may be seen along the 
Illinois Central Railroad, south of DuBois, and also just south of the Big 
Muddy River. 

The bottomlands which penetrate the McLeansboro district are, on the 
east side, those of Embarras River, Little Wabash River, Skillet Fork (of 
the Little Wabash), and branches of Saline River. These lowlands along 

* These districts are in general accord with three of the more extensive 
physiographic divisions distinguished by McClintock (1929), who shows that 
present surface conformation depends upon preglacial erosion and pre-Illinoian 
deposition of till as well as upon post-Illinoian erosion. His recognition of nine 
types of topography in what might seem to be a featureless plain will repay care- 


ful study. It is expecte¢c that definite variants of forest or of prairie can be found 
to correspond with certain of these topographic types. 
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the tributaries of the Wabash are extensions of the bottoms which form part 
of the Wabash border. Similarly the bottoms of the Big Muddy on the west 
side may be associated with the Mississippi border. 

The Old-Morainal Border.——This is a rather broad area on the north- 
western side of the southern division. It is set off because of the presence 
of numerous Illinoisan moraines and the remains of residual hills antedating 
the ice-sheet. It has a rolling, rather than uniformly flat topography, and a 
relatively deep covering of loess. All of these features make for better drain- 
age and better soil condition. The boundary with the other districts follows 
the Kaskaskia River for some distance south-southeast from Shelbyville. 

The forest of the old moraines, some of which stand out as distinctly 
elevated above the surrounding country, is generally mesic in character, and 
mixed in composition, a considerable number of tree species being present. 
Red oak, hard maple, elm, walnut, and linden are frequent. The under- 
growth likewise suggests rich forest development on good soil. The remnants 
of the native prairie which have been seen are not greatly different from 
that of lower Wisconsin glaciation in Coles County. 


THE WABASH BORDER 


In the well-dissected belt of deep-loess-covered hills west of the Wabash 
bottoms, a great variety of trees is found, many of them of rather xeric 
forests of the white oak-hickory type. Hard maple, linden, ash, red oak, 
black gum, tulip-tree, and a few trees of beech, occur in the protected 
ravines, as also upon well-drained terraces of the Wabash valley. The 
original forests contained some very large trees. These forests owe some of 
their distinctiveness to the absence (or very great scarcity) of the trees of 
poor soil, such as post oak and blackjack oak. 

The bottoms of the Wabash contained luxuriant forests, including the 
ordinary bottomland trees, and also such southerly plants as Catalpa 
speciosa, sweet gum, Schneck’s oak (Quercus shumardii schneckii), swamp 
Spanish oak (Q. rubra pagodaefolia), overcup oak (Q. lyrata), cow oak 
(Q. prinus Linn.), pecan, and tupelo. 

Sweet gum extends up the Embarras (or did until about 1910) to within 
about 17 miles of the Shelbyville moraine. 

Despite the hard winter of 1929-30, a seemingly thriving clump of mistle- 
toe was seen the following spring in a bottomland tree of the lower Em- 
barras a few miles from Lawrenceville. This is in latitude 38° 44’. 

The bottoms of the larger tributaries of the Wabash extend for many 
miles into the clayey uplands of the southern division. Bottomland forests 
similar to those of the immediate valley of the Wabash accordingly follow up 
the Embarras and Little Wabash and Saline rivers. The soil map by Norton 
and Smith (1929) shows a number of areas of sandy loam and sand near 
the mouths of the larger tributary rivers. Low dunes from these deposits 
are seen in the flood plain. Practically all of these sandy bottoms are 
intensively cultivated, and thus far no native sand vegetation has been seen. 
It is to be expected that blackjack oak would occur on sandy terraces if 
any remain uncultivated. A fairly extensive tract of dune sand occurs on 
the east side of the Embarras a few miles north of Newton. Interesting pos- 
sibilities await the study of such native vegetation as may remain in some 
of these areas of sand. 
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THE OZARK HILLS 


The interesting character of this part of Illinois is very well known in 
both geological and botanical features. Its flora and vegetation are very old 
and were little affected by the Illinois ice-sheet which reached its northern 
base. Gleason has described the vegetation and its phytogeographical signi- 
ficance in a thesis which seems not to be generally known to Illinois botan- 
ists (1904). His later study of vegetational history (1923) mentions a num- 
ber of preglacial plants which seem not to have extended their boundaries 
northward into the glaciated areas. A few of the distinctive plants of the 
hill country are: Cucumber tree (Magnolia acuminata), winged elm (Ulmus 
alata), shortleaf pine (Pinus echinata), Azalea nudiflora, southern red oak 
(Quercus rubra), chestnut oak (Q. montana Linn., Q. acuminata in Gleason’s 
1904 article), Carya ovalis, tree huckleberry (Vaccinium arboreum—in thin 
soil overlying rock), and the low shrubby plant Ascyrum hypericoides, as 
well as Agave virginica, Sedum _ telephioides, Crotonopsis linearis, and 
Opuntia humifusa. Both xeric and mesic trees common in other parts of 
Illinois are well represented in the Ozarks. Hard maple and beech are 
among these. 


THE TERTIARY DIVISION 


The Mississippi Embayment of the coastal plain of the south Atlantic 
and Gulf states extends into Illinois as far as the southern base of the 
Ozarks. The bottomlands of this area of Tertiary deposits are of several dif- 
ferent types, varying in level and in the degree to which they are subject to 
recurrent floods. The physiographic history of the Cache River and other 
old channels of the area is of considerable interest, and must be taken into 
consideration in vegetational studies. 

The swamp forests of these Ohio River bottoms are likewise of several 
types. Some of the coastal-plain trees in the Illinois part of the lowlands 
are: bald cypress, Tarodium distichum; tupelo, Nyssa aquatica; water 
locust, Gleditsia aquatica; Mississippi hackberry, Celtis laevigata; pumpkin 
ash, Frarinus profunda; water hickory, Carya aquatica; Carya pecan; 
swamp cottonwood, Populus heterophylla; willow oak, Quercus phellos. 

There are in addition to the bottoms, low hills which are mantled with 
loess and which bear mesic forests of a type not dissimilar from those of 
the Ozarks. It will require some study in these Tertiary hills to determine 
what floristic and other pecularities mark off their vegetational history as 
distinct from that of the Ozarks. It is in these hills that Professor Trelease 
discovered trees of chestnut, Castanea dentata. 
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PAPERS IN ZOOLOGY 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


The following papers were on the program of the meeting of the 
Zoology Section but were not submitted for publication : 

“The External Anatomy of the Castes of the Carpenter Ant,” by 
IL. H. Townsend, University of Illinois. 

“The Giant Fossil Beaver, Casteroides,” by A. R. Cahn, University 
of Illinois. 

“A New Parasite of Philippine Amphibia,” and “A New Hedruris 
from Diemyctylus viridescens,” by A. C. Walton, Knox College. 

“Isakis nigella spec. nov., a Nematode, and its Plant Comensal, 
Enterobrus sp., from the Milliped,” by L. J. Thomas, University of 
Ilinois. 

“Nesting Habits of the Pied-billed Grebe in Illinois,” by Charles K. 
Carpenter, Chicago. 

“A Pilgrimage to the Home of Darwin,’ by Ruth Marshall, Rock- 
ford College. 

From fifty to seventy persons were in attendance during the reading 
of the papers in this section. 

W. P. Flint was elected to serve as chairman for the 1931 meeting. 


H. J. Van CLeave, Chairman. 
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DETERMINATION OF AGE IN FISHES* 
BY 
L. A. ADAMS 
University of Illinois, Urbana. 


With the greatly increased interest in fishes, both from a scientific 
and an economic standpoint, it has become very desirable to have ways of 
determining the age of any individual specimen, since age enters into 
many phases of fish study. Problems of longevity, rates of growth, age 
of fish at spawning, life-histories, migrations, influence of favorable and 
unfavorable environments, influence of fisheries on a species, and the 
composition of fish stocks—all require definite determinations of age. It 
is possible, in some isolated cases, to make a study of individuals under 
hatchery or laboratory conditions; but since the opportunities to do this 
are very 
desired. 

The whole problem of age determination in fishes and other animals 
depends, as it does in trees, on changes in the rate of growth, or 


limited, other means of ascertaining age are much to be 
Do z 


metabolism, during certain periods of the year. The annular rings in 
scales and skeletal structures of fishes can be compared with the rings 
found on the stumps of trees, where it is possible to count the rings and 
hence determine the age and something of the conditions under which 
the growth was made, from the spacing of the lines that compose the 
rings. 


Historica REVIEW 

The early history of age determination goes far back into zoological 
history and starts with the invention of the microscope, since fish scales 
were very attractive for study and the early microscopists took full ad- 
vantage of their possibilities. Van Oosten (1929) traces the early his- 
tory of scale study back to Fabricius (1618, 1621, 1625), Borellus 
(1656), and Hooke (1667). He gives Leeuwenhoek (1686) the credit 
for having made the first generalization that the rings, or annuli, on 
scales had something to do with age. Van Oosten also quotes Lea 
(1919) who gives an early quotation from a Pastor Hederstrém 
(1759) who said: “Anyone taking the trouble to examine a vertebra 
from a boiled fish will observe certain rings thereon; and as many rings 
as there may be, so many years will be the age of the fish.” The general 
historical summary from Van Oosten gives a very interesting resume of 
the results of the early workers on this problem. 


- * Contributions from the Zoological Laboratory of the University of Illinois, 
No. 388. 
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The modern history of the means used to study the ages of fishes 
began with studies on species of great economic importance. Problems 
concerning the influence of continued pursuit of favored fishes made it 
necessary to know something of the rate of growth and age of spawning 
in order to determine what the results of continued fishing had been 
and would be. 

One of the first to make a study of this type was Sars (1865), who 
studied fishes along the shore and observed the fry of a season. The 
next season he attempted to start again and thus follow the young to 
maturity, but he found it impossible to follow fish through in this 
manner. 

Baudelot (1873), who further developed the study of scales, sug- 
gested that the concentric rings on the eel corresponded to periods of 
growth and that age might be determined by them. The study of the 
eel brought up some problems as to when the scale developed, but it 
added the scale to the tools that might be used for the problem. 

C. G. Peterson (1890) showed, by measuring a large number of 
individuals of a species, that they would fall into modes, and that by 
this means the problem of age might be solved. It was found that this 
worked very well for the first three years, but that with a larger number 
conditions were too variable to make determinations accurate. 

Hofftbauer (1898) demonstrated that the rings on the scales of the 
carp correspond to annual growth and are capable of being used as an 
accurate means of age determination. Reibisch (1899) showed that 
the otolith of the plaice had a periodic growth, corresponding to the an- 
nual rings on the scales of the carp, and that the otolith could be used 
in a manner similar to the scales. The otolith, however, does not seem 
to be as trustworthy as the scale or other parts of the fish in many cases, 
although in some it may serve as a true measurement of age. 

Later, all parts of the skeleton were explored for material that 
could be used. Heincke, Dahl, Thomson, and others made studies of 


vertebrae, neural spines, scapulae, opercular bones, and other available 


parts. While some of these were found valuable, the greatest amount 
of work has been done on the scales in the study of individual species, 
such as the cod, plaice, salmon, and other important fishes. 


SCALES 


The building of the scale, i. ¢., its increase in size, is a regular 
process that adds a layer of tissue each year to the under side of the 
scale. With increasing years, rings added in this manner extend the 
scale, both in area and in depth, so as to keep pace with the 
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growth and increase in length of the body. In our region the winter 
season has very marked effects on most of the fishes. Many species do 
not feed to any extent, though some continue to feed as the opportunity 
offers. Some congregate in deep water and remain practically dormant 
during the coldest weather, while others, being less influenced, merely 
slow down and feed sporadically. These periods leave an imprint on 
the texture of the scale; for each ring that represents a year’s growth is 
made up of small cireuli, or lines, which vary in number and which re- 
flect the gradual building up of the scale in that year. Irregularities in 
the spacing of these lines show how the rate of metabolism varies with 
seasonal conditions, the changes in food or temperature, or both, being 
no doubt responsible for these irregularities. 

It has long been known that, by making a study of the scales, it is 
possible not only to determine the exact age of the individual fish but 
also to learn something of the conditions under which it developed. If 
the rings, or annuli, are close together, with small spaces between them 
in a certain part of the scale, we can infer that the conditions were not 
favorable to growth during the period when that part was added. 
Larger spaces between the annuli indicate favorable conditions. 
Usually the larger additions come in the early years of the individual, 
and as it reaches maturity the additions become smaller and the annuli 
closer together and, hence, more difficult to read. The technique of 
measurement of scales has become standardized, however, so that it is 
almost an exact science, suitable even for determining the age of fossil 
fishes. 

In fishes without scales, other parts may be used for age determina- 
tion. 


OTOLITHS 


In recent years the otolith has come into use in species where its 
structure is such that there is a regular growth. In some forms at least, 
the annual additions are laid down in a regular manner and may be 
read either in the whole specimens or in those that have been sectioned. 
Immersion in water, glycerine, xylol, or oil of wintergreen makes the 
rings more prominent. The otolith, however, is not always available and 
is often of such an irregular growth as to make accurate determinations 
impossible. 

This was found to be the case in the spoonbill (?olyodon spathula). 
The otoliths were studied in a series of spoonbills varying in age from six 
months to fifteen years; but while measurements gave some indication 
of age it was found that the rings could not be used, for the picture was 
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so blurred that any reading of the rings was impossible. Even sectioning 
was found to be of little value because of the irregularity of the annual 
increment. 


BONES 


Where neither scales nor otoliths are usable for the determination 
of age, other structures may be found to be available. Practically any 
bone with a periodic growth offers possibilities, although it is preferable 
to choose a bone that is regular in shape, so that the rings will not be 
crowded too much. The flat bones of the skull, for example, were found 
unsuitable in this study. Flat bones in general, except those in the 
opercular series, are rather difficult to study, since the growth lines are 
very close together and consequently difficult to interpret. The maxil- 
lae are usually easy to read, either in cross section or in sagittal section. 

The problem of age determination from bones depends, of course, 
on the assumption that there is an annual increase of material and 
that there is a difference in the appearance and texture of the deposit 
in the different seasons, thus giving rings that can be correlated with a 
year’s growth. There are not as many problems involved in the inter- 
pretation of growth rings in bones as there are in work on scales, for 
the bones are constant and are not generally replaced. The most 


troublesome questions are whether there is a change in the bone after 


it is formed, and whether the rings observed do actually represent an 
annual deposition of material. It is possible that there may be some 
obliteration of the earlier deposits with increasing age, especially in very 
old specimens. 


SPINES 


Spines are very serviceable, for their growth appears to be regular, 
with an annual addition of material so differentiated as to allow accurate 
reading. ‘Their circuli are quite clear. Another advantage in the use 
of spines is that they can be removed without killing or seriously injur- 
ing the fishes, and this is very important where tagging or other ex- 
periments make it desirable to leave the fishes in the water. The dorsal 
spine of the catfish was used for this work by the writer, in connection 
with a problem in the tagging of fish, where it was desirable to retain 
some means of age determination. The removal of the spine makes a 
very small wound, so that chances of injury are slight. A section 
through the base shows rings with a good definition, and age determina- 
tion seems easy and certain. 
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MeEtTHops 


Other parts of the fish skeleton also offer possibilities, and here 
the investigator may wish to choose those that can be most easily sec- 
tioned to show the desired laminations. In order to be certain of success, 
the point at which the section is to be made should be located so as to 
include all of the rings; for in bones with a free end it is only the base 
that will show them all. Sections made through the base of such an 
element should show the original and the additional deposits, so that 
the complete series can be counted. The ceratohyal is doubly suited to 
this use since it grows at both ends, and being circular in outline it 
furnishes a good cross-section. Vertebrae in sagittal section also show 
annulations clearly. Counts of the rings from the concave end of the 
centrum were found to be in complete agreement with counts made 
from.the sagittal sections in the forms studied. Of all the skeletal 
elements investigated, the vertebrae and the ceratohyal seemed to offer 
the easiest and most rapid way of getting results. ‘These and other 
skeletal parts might well be used as a check on results obtained from a 
study of scales, wherever the interpretation of the latter is in doubt. 

The rings can be made to stand out very clearly by a little grinding 
and polishing. The section, of course, must be ground thin enough to 
bring out the differentiation of the rings, but not so thin as to allow 
the balsam or clearing agent to make the rings invisible. The thick- 
ness to which specimens should be ground depends on the nature of the 
bone. It was found that the best average thickness was about 150 
microns. 

In the spoonbill the bones of the skull are practically the only 
elements to be used for our purpose, and of these the mandible was found 
to be the best, for it grows in such manner that a section near its anterior 
end, where the greatest curve appears, reveals very satisfactory lines for 
study. Here, at least, the rings appear to be annual, or periodic, and 
hence offer possibilities of age determination. Since the mandible is 
somewhat irregular in its areas of growth, sections of its different regions 
can be used as checks. Forty specimens of the spoonbill varying from 
7.5 to 50 inches were obtained through the courtesy of Dr. David H. 
Thompson and Mr. Francis D. Hunt, of the State Natural History Sur- 
vey, and were used in a series of tests of this method. Enough specimens 
of a given length were studied to make certain that there was a regularity 
of the rings and that they could be used for the desired purpose. It was 
found that the number of rings fitted the curves for length and weight, 
as determined by measuring a large number of specimens in the field. 
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NOTES ON ELEMENTS SHOWN IN ILLUSTRATIONS 
SPOONBILL (Polyodon spathula) Figure 1. 


The mandible of a fish with a total length of 30 inches and a weight of 
5 pounds was used for this section. The lines of growth show clearly and 
indicate that the fish was in its sixth year. 


MONGREL BuFFALO (Ictiobus urus) Figures 2 and 6. 


The specimen used for this investigation was a large fish weighing 34 
pounds. The sagittal section of the vertebra was checked with a cross sec- 
tion of the ceratohyal, and the ring system was found to be the same, show- 
ing a definite correlation between different parts of the skeleton. From the 
count it is inferred that the fish was 24 years old. The rings of the 
ceratohyal were rather crowded in the later year, but still quite evident. 








Fic. 5. Sagittal section of vertebra of Lepisosteus osseus. 
Fig. 6. Sagittal section of vertebra of Ictiobus urus. 


LONG-NOSED GAR (Lepisosteus osseus) Figures 3 and 5. 


The specimen used was a large one with a total length of 41 inches. 
In order to test the value of the different regions as age checks, three parts 
were used, the vertebrae, ceratohyal, and one of the scales from the mid- 
line of the back. There seemed to be no question as to the agreement of 
the parts studied, the rings in all of them pointing to an age of 11 years. 
The scale was cleared in xylol and the rings counted with no other prepara- 
tion. A sagittal section gave the same count as the whole scale. The 
ceratohyal, when cross-sectioned, ground, and mounted in balsam, also gave 
a very clear demonstration of the rings. A sagittal section of one of the 
vertebrae from the mid-body showed the bands of growth on the centrum, 
particularly at its ends. 


CATFISH (Ameiurus nebulosus) Figure 4. 


The dorsal spine of a tagged fish was cross-sectioned near the base. The 
growth lines show very clearly, and the age is assumed to be eight years. 
—6AS 

















226 Transactions of the Illinois State Academy of Science 


Since so many studies of fishes are being made at the present time, 
it is to be hoped that there can be a greater development of the means 
of age determination, as this knowledge is essential to a complete his- 
tory of any species. The study of species that have economic value 
requires definite answers to the questions: “How fast do they grow? 
At what age do they spawn? How long do they live?” 
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AGE AND GROWTH RECORDS 
ON FOSSIL FISH SCALES* 
BY 


F. B. ADAMSTONE 


University of Illinois, Urbana. 


Determinations of age and rate of growth have been successfully 
carried out for a large number of species of modern teleost fish by 
application of the study of growth markings to the scales. The method, 
as is well known, is based upon the fact that the scales increase in size 
with age and that they show characteristic growth markings from which 
it is possible to determine age with considerable accuracy. Markings of 
a similar nature occur on the scales of fossil ganoid fish, and, although 
they are generally conceded to be growth marks, no attempt has ever 
been made, so far as I am aware, to find out whether ages or growth 
rates could be ascertained from them. This account gives the results of 
an attempt to find out how successfully the method might be extended 
to fossil material. The specimens used consisted of a collection of fossil 
ganoid scales obtained some years ago in the Cretaceous deposits of 
Southern Alberta in Canada. 

The structure of fossil ganoid scales is well known, for they have 
been carefully described by many investigators. Goodrich (1907) gives 
an extensive bibliography of the subject. In general each scale is 
rhomboidal in outline with the antero-dorsal angle prolonged as a pro- 
cess which, during life, was embedded in the skin and covered by the 
jostero-ventral angle of the scale next in front and dorsal to it. The 
scales consist of concentric layers of skeletal material on the under side, 
but the surface layer in the true ganoid scale consists of hard deposits 
of ganceine. These concentric layers are periodic growth additions to the 
scale and apparently correspond to the annuli of the teleost scale. In 
a few exceptionally good specimens it was possible to see a series of very 
fine lines within the annual band. These would probably correspond to 
the cireuli of teleost scales if any significance can be attached to them. 

Before studying the growth lines on any scale, it was usually neces- 
sary to prepare it so as to make the markings distinct. In a few of the 
very best specimens further treatment was unnecessary, since their sur- 
faces were already highly polished by natural erosion. In other cases 
the lines of growth could be made much more distinct by the addition 
of a drop of balsam and cover-slip. In most cases, however, the growth 





. * Contributions from the Zoological Laboratory of the University of Illinois, 
No. 389. 
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lines were greatly obscured by the presence of dark pigment in the 
ganoeine layer. This made it necessary to grind the surface with fine 
powdered emery so as to remove the deeply pigmented layer. After this 
treatment the scale was mounted in the usual manner with balsam and 
cover-slip. If these methods did not improve the scale sufficiently, it 
was cut in two transversely and the cut surface polished. Examination 
of this surface usually helped greatly in deciding on the character of 
the markings present. Sometimes, however, in spite of the use of the 
various methods described, it was impossible to do anything with some of 
the scales beyond making an approximate determination of age. 





Fig. 1. Camera lucida drawing of scale A. 


When examined with binoculars or with a compound microscope, 
the surface of the scale shows a series of light areas alternating with 
dark lines. These are actually light and dark in colour, whereas in 
teleost scales this appearance is merely the optical effect produced by the 
spacing of the circuli. Some scales of the gar, Lepidosteus osseus L., 
which is a modern representative of the fossil group, were kindly fur- 
nished me by Dr. David H. Thompson of the Illinois Natural History 
Survey, for comparison with the fossil scales. These showed no such 
colour differences as could be seen in the fossil scale; instead, the faint 
line of separation between yearly layers was the only indication of growth 
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lines. In the fossil scale the difference in colour is probably an expres- 
sion of variations in density in parts of the growth layer, and hence, 
also, differences in chemical reactions during the long period of ex- 
posure during fossilization. The entire effect is probably similar to that 
seen in fossilized wood. The characteristic appearance of one of these 
scales is shown in Figure 1, which illustrates very clearly the conditions 
described. 

Since this particular scale is representative of the better preserved 
specimens, the features of it which are of special interest in this study 
will be pointed out. The specimen is scale A in the table given below. 
On it, five plainly marked growth lines can be seen. In addition to 
these there are indications of two more in the central region and two 
others on the outer, upper border. In all there appear to be 9 yearly 
growth lines. After the second conspicuous band in the lower left 
corner, an irregular dark line can be seen. The interpretation of this 
marking is uncertain, but on another scale two such marks can be seen 
in separate yearly bands. An interesting modification of the growth 
record occurred in scale G, which showed 18 or 19 yearly lines. It was 
polished to remove the pigment and cut transversely because the end 
of the scale was broken. It then showed a scale surface beneath the 
remaining ganoeine which was like a series of ripple marks—a succession 
of crests and troughs with a growth line showing on the surface corre- 
sponding to each trough. In figures by Goodrich a similar condition 
can be seen (Proce. Zool. Soe. London, vol. 2, 1907). 

In order to determine the age of the fish from which any scale came, 
it was necessary only to count the number of annuli. This, however, 
was usually more or less uncertain, because of the effects of erosion either 
on the center of the scale or on the margin, though traces of the earliest 
lines could nearly always be seen. Data for growth curves were ob- 
tained by measuring the distances from the center of the scale to the 
outer margin of each annulus along the diagonal through the postero- 
ventral angle. It must be clearly understood, however, that a curve ob- 
tained in such a manner is a purely relative measurement of the rate 
of growth and that it applies only to one individual. 


GROWTH RECORDS OF SIX FOSSIL GANOID SCALES 














Yearly measurement of scale (in millimeters) 








Scale | Age |——— 
1 2 3 t 5 6 7 8 9 10 ll 12 13 















































230 Transactions of the Illinois State Academy of Science 


From the material available, the measurements obtained on six 
scales have been selected for presentation and are given in the table 
below. There were some 18 other specimens which survived the treat- 
ment used, but since most of them were in the 3-6 year age group, there 
were not enough measurements to make proper graphs. However, the 
data for scales A. B. I’, and G are illustrated by the graphs in Figure 2. 


| 





mm 














0 2 o 6 6 0 12 14 {16YEaRS 
Fig. 2. Growth curves for scales A, B, F, and G. 

While not enough material survived treatment to justify any gen- 
eral statements, nevertheless a few facts are brought out by the study: 

The yearly record of growth on most scales is usually quite clear 
in part, at least, but one must be very wary in accepting the obvious 
count as the scale age. As pointed out, there is usually evidence of two 
or three eroded annuli either at the center or margin of the scale. Tak- 
ing this fact into consideration, however, it appears that the majority 
of these scales are from fishes which had a comparatively brief existence 
of from 3 to 6 years, while a few reached a much greater age—in one 
case nearly 20 years. 

When illustrated by a graph, the growth rates appear very similar 
to those of modern teleosts in general; i.e., there is an early period of 
uniform increase in size, then a period of rapid growth, followed by a 
gradual slowing-up, probably indicates the early attainment of sexual 
maturity as in many modern species. 

Finally, it would appear that a legible record of age and growth is 
present on n.any fossil scales, and if a sufficient number of well-pre- 
served specimens were available, it should be possible to work out 
accurate growth rates for extinct ganoid species. Furthermore, if com- 
plete fossil remains were obtainable upon which to make the necessary 
measurements, then information could be obtained which would be quite 
comparable to that for living species. ; 
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ADDITIONAL NOTES ON ANIMAL LIFE ASSOCIATED 
WITH THE MOUND BUILDERS OF ILLINOIS* 


BY 
Frank CoLuins BAKER 


University of Illinois, Urbana. 


In 1929, at the Macomb meeting of the Illinois State Academy of 
Science, the writer presented the subject of the use of animal life by 
ihe ancient Indians of Illinois, a list being made of all species, verte- 
brate and invertebrate, that had then been found associated with human 
artifacts. In the present paper certain additions are made to that list. 

The material examined since is mestly from village sites on the 
farm of Mr. A. M. Simpson, Route 4, Galena Road, near Peoria, Illinois. 
One site is believed to have been a campfire site. It is three feet below 
the surface, beneath soil, and in a depression ten inches deep and 
eighteen inches in diameter, filled with ash, burnt bone, and charcoal. 
The material littered the clay for a distance of four feet around the de- 
pression. Many mussel shells were found, among these a “nest” of 47 
specimens located about eight inches from the depression. Another site 
not far away was two feet below the surface. Some additional bones 
from an overlooked lot of material from the James Ramey Mound of the 
Cahokia greup are also included. 

‘The animal contents of mounds and village sites are now being 
given the study which the subject deserves. From the standpoint of 
archeology the information gives us some idea of the use which 
aboriginal man made of the natural resources about him, both for food 
and for the manufacture of implements and artifacts, and from the 
biological standpoint we are able to learn whether any changes may have 
taken place in the fauna since the time of the Indian occupation. For 
the latter purpose large collections of these remains must be made and 
compared with similar collections from other places and with the recent 
fauna. One of the most elaborate of such studies has been made in 
California and the results published in the University of California 
Publications on Zoology, “The Avifauna of Emeryville Shellmound,” by 
Hildegarde Howard (Vol. 32, No. 2, pp. 301-394, 1929). The verte- 
brate fauna of the Algerian shellmounds, or “escargotieres,” has been 


_ *Contribution No. 6 from the Museum of Natural History, University of 
Illinois. 
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listed comparatively by Dr. Alfred S. Romer in the Logan Museum Bul- 
letin of Beloit College (Vol. I, No. ii, 1928). Such papers have not 
been widely written on the mounds and sites of the Mississippi Valley, 
and an almost virgin soil is ready for cultivation in this respect. As far 
as has been possible this has been begun by the writer. 

As in the case of the vertebrate remains described in the paper pre- 
sented at last year’s meeting, the material listed herein has been identi- 
fied by the following specialists, to whom the sincere thanks of the 
author are due: 

Birds, Dr. A. Wetmore, Assistant Secretary of the Smithsonian 

Institution, in charge United States National Museum. 

Mammals, Mr. Gerrit S. Miller, Curator of Mammals, United 

States National Museum. 
Fishes, Mr. B. A. Bean, Assistant Curator of Fishes, United States 
National Museum. 

The greater part of the material has been deposited by Mr. Simp- 
son in the Museum of Natural History of the University of Illinois, 
where it forms a part of the collection of animal life associated with the 
Illinois Indians. 


SYSTEMATIC LIST OF SPECIES REPRESENTED 
Pisces (Fish) 
Ameiurus species. Catfish. 

Left pectoral spine of Catfish. Dorsal spine. Campfire site, three 
feet below surface. Curiously enough, no bones of the catfish occurred 
with the material from the Cahokia group. 

Family Cyprinidae. Minnows. 

A rib and a shoulder girdle of a species of minnow occurred with 

the material from a depth of two feet. 
Aplodinotus grunniens Raf. Fresh-water Drum. 


The pharyngeal teeth of the Drum occurred in the campfire site 
material, three feet below the surface. 


Aves (Birds) 


Phalacrocorar auritus (Lesson). Double-crested Cormorant. 

A tibio-tarsus was found in material from the James Ramey Mound, 
Cahokia group. Although this species is common on the Illinois River, 
where it nests, its bones have not yet been found in the kitchen midden 
refuse of the Mound Builders of that region. 

Anas Cf. A. platyrhynchos Linn. or A. rubripes Brewster. Ducks. 

Bones of either (or both) the Black Duck and the Mallard Duck oc- 
curred in camp site material, found two feet below the surface, on the 
Simpson farm. Bones included are coracoid, humerus, ulna, and carpo- 
matatarsus. Before recorded only from the Cahokia region. 
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Querquedula discors (Linn.). Blue-winged Teal. 

Humerus, carpo-metatarsus, and ulna bones from the Simpson Vil- 
lage Site, two feet below surface. 

Nettion carolinensis (Gmelin). Green-winged Teal. 

Bones of the humerus and tibio-tarsus were found in the James 
Ramey Mound of the Cahokia group. Not recorded from the Illinois 
River group. 

Spatula clypeata (Linn.). Shoveller Duck. 

A humerus and an ulna were found in the James Ramey Mound of 
the Cahokia group and a tibio-tarsus in the village site material from 
the Simpson farm near Peoria. Not before reported from Illinois kitchen 
midden material. 

Chen. Cf. C. caerulescens (Linn.) or C. hyperborea (Pallaso). Snow Geese. 

Tibio-tarsus and carpo-metacarpus from the James Ramey Mound, 
Cahokia group. 

Branta canadensis (Linn.). Canada Goose. 

Tibio-tarsus, radius, and tarso-metatarsus were found in the James 
Ramey Mound, Cahokia group. 

Cygnus buccinator Richardson. Trumpeter Swan. 

Two ulna bones occurred with other material in the James Ramey 
Mound, Cahokia group. 

Cygnus columbianus (Ord). Whistling Swan. 

A portion of a radius of the Whistling Swan was found in the James 
Ramey Mound. 

Tympanuchus americanus (Reich.). Prairie Chicken. 

Humerus and tibio-tarsus from the Simpson Village Site, two feet 
below surface. 

Meleagris gallopavo silvestris (Vieill.). Wild Turkey. 

Humerus and tarso-metatarsus from Simpson Village Site, the first 

at depth of three feet, in fireplace, and the second at a depth of two feet. 


MamMAtiaA (Mammals) 


Odocoileus virginianus (Bodd.). Virginia Deer. 
Many bones, including teeth, portions of lower jaw, vertebrae, ribs, 
foot bones, and leg bones, occurred in the Simpson campfire site at a 
depth of three feet. The bones of this common deer appear to be uni- 
versally abundant in all camp sites of the Illinois Mound Builders, at- 
testing it as a universal favorite as an article of food. 
Cervus canadensis (Erxleben). Wapiti, or American Elk. 
A portion of a lower jaw was found in the Simpson Village Site at 
a depth of two feet. 
Sciurus carolinensis Gmelin. Gray Squirrel. 
A tibia was found with material from the James Ramey Mound of 
the Cahokia group. 
Castor canadensis Kuhl. American Beaver. 
Portion of upper jaw occurred in the Simpson Village Site at a 
depth of two feet. 
Ondatra zibethica (Linn.). Muskrat. 
Left half of pelvis, Simpson Village site, two feet below surface. 
Not before reported from Illinois sites. 
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Putorius vison lutreocephalus (Harlan). Mink. 

A humerus was found in the fireplace on the Simpson Village Site, 

three feet beneath the surface. Not before reported from Illinois sites. 
Peromyscus leucopus noveboracensis (Fischer). Northern White-footed Mouse, 

A femur from the Simpson Village Site two feet below the surface. 
This was identified as simply the White-footed Mouse, but as the site 
area is within the geographic area of the Northern White-footed Mouse 
it seems best to record it under that name. The first record of a mouse 
in these village sites. Just why mice should be represented in these 
kitchen midden is not apparent unless they were used as food, which 
seems scarcely possible in view of the great abundance of larger and 
more palatable game available. 

Canis familiaris Linn. Domestic Dog. 

Metacarpal and metatarsal bones occurred in the Simpson Village 
Site at a depth of two feet. A le‘t ramus of a lower jaw of a large dog 
occurred in another section of this site at a depth of three feet. The 
domestic dog appears to have been widely distributed in Illinois during 
the time of the Mound Builders. 

Felis catus Linn. Domestic Cat. 

A humerus of a domestic cat occurred with other bones in the Simp- 
son Village Site at a depth of two feet. This is the first record of the 
presence of the domestic cat in any kitchen-midden material or village 
site known to me. If it was an accidental intrusion it is curious that 
only the one bone was found. While the record is open to question, it 
is given here in order that other records may be compared with it 
should the .bones of the domestic cat be found in other Indian mounds 
or village sites. 


Mouuusca 


All Mollusca found in the Simpson Village Site belong to fresh-water 
species, and all are of one family, the Naiades, or fresh-water mussels. 
Amblema peruviana (Lam.). 

One small right valve from the Simpson Site, three feet beneath 
surface. 
Megalonaias gigantea (Barnes). 
Same location as above. Various ages represented. 
Quadrula fragosa (Conrad). 
Same location. This species has not before been recorded from the 
mounds or village sites. 
Elliptio crassidens (Lamarck). 
Same locality. Right and left valves. 
Proptera alata megaptera Raf. 


Same locality. Two left valves. 
Ligumia recta latissima (Ref.). 
Same location. One left valve. 
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The accompanying table indicates the distribution of all vertebrate 
species thus far recorded from the mounds and camp sites in the 
Mississippi and Illinois valleys. Five species of fish, two of reptiles, 
fourteen of birds, and fourteen of mammals are listed. In the Missis- 
sippi Valley series, twenty-cne species occurred in mounds, mostly 
burial mounds, and only six species in camp sites. In the Illinois Val- 
ley, only six species occurred in burial mounds and twenty-one species 
in camp sites. In the Mississippi Valley area, birds predominated over 
the same group in the Illinois Valley, the ratio being 13:6. Among 
the mammals the Illinois Valley area had a preponderance over the 
Mississippi Valley area, the ratio being 13:6. Some of the vertebrates 
were used as food, while others were with burials, having some sig- 
nificance in the burial customs of the Indians. Additional exploration 
may greatly change these ratios between the Mississippi and Illinois 
valleys, but as there are some differences in general culture, there may 
also be differences in the use of animals. 


TABLE OF VERTEBRATE DISTRIBUTION IN MOUNDS AND SITES 


MISSISSIPPI RIVER ILLINOIS RIVER 
Mounds Sites Mounds Sites 


FISHES 
Ictiobus bubalus.............. 
Carpioides carpio............. 
*Ameiurus species.............. 
* Cyprinidae (minnows)........... «ik . eee 
Aplodinotus grunniens......... xt x x x 


REPTILES 
Chelydra serpentina........... x x 
Chryeemys cinerea............. saa x 


BIRDS 
* Phalacrocorax auritus......... 
Anas platyrhynchus... 
Anas rubripes.......... 
Querquedula discors. 
* Nettion carolinensis 
*Spatula olypeata............ ‘ 
Chen caerulescens............. 
Chen hyperborea.............++ 
Brantea canadensis............. 
Cygnus buccinator............. 
* Cygnus columbianus............ 
Gallinula geleata............. ‘ ; i 
* Tympanuchus americanus........ ‘ ite x 
Meleegrie gellopavo sylvestris 


MAMMALS 
Didelphie virgiaiana......... —_— 
Odocoileue virginianus.. x 
Cervus canadensis........ ° x 
Bigon DIGON.......... ec eeeeee coe 
Sciurus cerelinensis.......... x 
Sciurus niger rufiventer...... cee ee 
Castor canadensis............. eee 

* Putorius vison luteocephalus.. ... oan 

* Peromyscus leucopus .......... eee 
Canis familiarise ..  ........ x 
FORSEOR CORUBs ooo. ccccccccccce 
Ureue anericanus............6. x 
PROCYON lotOr..........ccesvee x 

oo) 8, eee oe ‘ 
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indicates that the species is reported for the first time. 





* The asterisk 
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ILLINOIS’ CHANGING INSECT PROBLEMS 
BY 
W. P. FLint 


State Natural History Survey, Urbana. 


Insect problems have been increasing steadily during most of the 
period since Illinois was settled. We have found means of solving some 
of the problems, but their solution is made at the price of constant 
vigilance, and the problems so solved remain and in many cases become 
more complex with the continued development of the state. 

Previous to the settlement of Illinois by the white men, insects had 
probably reached a point of fairly stable equilibrium with the host plants 
on which they fed. Our present problems have resulted largely from the 
upsetting of this equilibrium, the introduction of new food plants and 
new insects, and the growing of enormous areas of a few plants which 
have provided insects with conditions more favorable than anything 
which existed in nature. 

The period from 1800 to 1850 was in the main a period when 
native insects were the troublesome species. Our records for this period 
are very incomplete, but we know that serious injury to crops was 
caused by such insects as grasshoppers, wireworms, white grubs, various 
species of cutworms, and the native fruit feeders, such as the curculio. 
In this period the land was being settled, but on the whole the wild or 
uncultivated areas were far greater in extent than those under cultiva- 
tion. Most of the native insects were still furnished an ample food sup- 
ply by the wild plants without having to turn to the recently introduced 
cultivated hosts. The chinch bug was finding that man was providing 
an environment much more to its liking than anything which nature 
had ever produced and a succession of food plants which almost com- 
pletely met its needs. The first records of serious damage by the chinch 
bug were during the years 1845-1846. The Hessian Fly was introduced 
into the state during the latter part of this period (1844) but was not 
of great importance. The introduced fruits, such as the European 
plums, cultivated varieties of apples, and grapes were attacked by the in- 
sects feeding on the closely related wild hosts, but on the whole the in- 


sect problems of this period were largely concerned with the native 
insects. 
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During this period there was little or no cooperative effort towards 
insect control. Each man worked by himself to save as much of his own 
crops as possible, with very little information to help him as to the 
habits of the insects which he was fighting or efficient measures that 
could be taken in control. There still existed a rather general feeling 
that insects were much like the weather and could be about as easily con- 
trolled. 


The period from 1850-1875 saw a considerable change taking place 
in the insect problems of the state. The native fruit insects were be- 
coming much more important with the more general growing of their 
host plants. The plum and apple curculio had apparently acquired a 
strong liking for the improved varieties of their favorite hosts and 
nearly destroyed the fruit crops. The codling moth reached Illinois dur- 
ing the early part of this period and has ever since been more or less 
successfully competing with the orchardists for the apple crop of the 
state. The Colorado potato beetle reached the state from the west, prob- 
ably in 1864. Many of the native pests of field crops were becoming 
more troublesome. The chinch bug in particular was assuming more 
and more importance in the agriculture of the state, thanks to his new 
man-made environment. Cultivated areas were rapidly increasing and 
more and more of the native insects were finding man more generous 
than nature in providing suitable and abundant food at the critical 
times in their development. 

During this period insect problems had become so pressing that the 
first concerted efforts at insect control were being made. Benjamin 
Walsh was appointed State Entomologist in 1867, and a real effort was 
started to find out something about the kinds of insects oceurring in 
the state, how they live, and what might be done towards combating 
them. Even by the close of this period only very scant information, or 
sometimes misinformation, was available regarding the life-history of 
most insects. 

The period from 1875-1900 was one of very rapid development over 
the entire country, which was shared in full measure by Illinois. The 
native prairie lands very largely disappeared during this period, and 
corn assumed the place which it has held ever since as the major crop 
grown over the Illinois prairies. The attention of the public and par- 
ticularly of the farmers was directed again and again towards the con- 
trol of insect pests. During this period such insects as the codling moth, 
corn ear worm, oyster shell scale, white grubs, Hessian fly, curculio, 
chinch bugs, corn root worms, various species of aphids, the cabbage and 
onion maggots, the native stalk borers, the corn root aphis, and hosts of 
others were causing damage. 
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Many foreign pests were finding their way into the state, notably 
such pests as the wheat joint worm, the clover root borer, the clover 
leaf weevil, and many others of lesser importance to field crops. The 
increase in the urban population was also bringing about an increase in 
the insect problems confronting the manufacturer and the householder, 
and calling attention to many of the insects, heretofore unnoticed, 
which attack ornamental plants, park, woodland, and forest trees. Im- 
proved methods of control were being developed. During this period the 
life-histories of many of the Illinois insect pests were studied and many 
of the fundamental facts concerning them were brought out. 

During the next 25 years, the period from 1900 to 1925, the in- 
sect problems of the state were still more complicated by the introduc- 
tion of a number of notorious foreign pests, particularly the San Jose 
scale, about 1902, and the clover bud weevil, and a number of others of 
lesser importance. The native prairie land had disappeared. The crop 
production had been stabilized to include relatively few crops, such as 
the small grains, wheat, rye, oats, and barley; corn; red, sweet, and 
alsike clovers; alfalfa; and during the latter part of the period consid- 
erable acreages of soybeans. Orchard plantings had increased and pos- 
sibly reached their peak. 

The insect problems of the towns and cities had become much more 
important, due to such pests as cockroaches, clothes moths, various 
species of ants, termites, the grain beetles and moths, and to a lesser 
extent some of the wood-boring insects. During this period field crops 
suffered greatly from injury by white grubs, wireworms, the corn root 
aphid, corn ear worm, various species of cutworms, wheat joint worm, 
and the chinch bug. The latter insect occurred in destructive numbers 
for practically the last 15 years of this period, a much longer and more 
sustained and destructive outbreak than had occurred at any time dur- 
ing the previous history of the state. 

The chinch bug may be used as an illustration of one of the 
changes which have occurred in our insect control problems. The 
chinch bug is primarily a sun-loving insect. It cannot thrive in fields 
where there is a rank growth of small grain. As the fertility of the soil 
is being reduced and the growth of small grains becomes less dense on 
the land, a much more favorable environment is provided for the de- 
velopment of the first brood of the chinch bug and over large areas of 
the state this favorable environment is found on a higher percentage of 
the fields than ever before. 

During this period (1900-1925) many insects were beginning to 
utilize the possibilities of the artificial environment provided by man 
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and, while not in all cases attaining outbreak proportions, were insidi- 
ously exacting a greater and greater toll from the field crops of the 
state. The introduction of the San Jose scale presented a new and very 
vital problem to the orchardist. Previous to the advent of the scale we 
had many insects feeding upon the fruit of our orchard trees, but only a 
few which actually destroyed the tree. With the establishment of this 
scale we acquired an insect which, if left to itself, would in many cases 
destroy not the fruit but the trees of an entire orchard section, and it 
became absolutely necessary to develop an effective control for this in- 
sect in order to save the peach, plum, and apple orchards of the state. 
The native curculios and native scales became of more and more im- 
portance with the increase in fruit-growing and the general planting of 
local areas best fitted to the production of orchard crops. The insect 
problems of shade, park, and woodland trees have also increased in 
number and importance, and it is now necessary to protect by spraying, 
at least during certain years, shade trees which it was formerly not 
necessary to so protect. This period saw a very rapid and distinct ad- 
vance in the control of insect pests by the use of insecticides, including 
the development of sprays, dusts and fumigants. 

At the start of the present period (1925-1930) our insect problems 
have been still further complicated and enlarged by the spread into the 
state of the Oriental fruit moth, a major pest of the peach which at 
present is causing serious losses to the commercial peach growers in 
southern Illinois. In addition to this insect of major importance, sev- 
eral others have been found, particularly a new and destructive species 
of mealy bug which has further complicated the insect problems of the 
florists ; and it is almost certain that before the close of 1931 the Euro- 
pean corn borer and the Mexican bean beetle, which are now known to 
be well-established within a few miles of the eastern Illinois state line, 
will have spread to points well within the state. 

A study of the changing insect problems in Illinois can hardly fail 
to call forcibly to one’s attention the fact that these problems have 
steadily been increasing from the time the state was first settled up to 
the present; that during this period we have acquired a larger number 
of new insect pests by the introduction of foreign species or of insects 
which, until the settlement of the country were confined to other areas 
in North America. During this period we have not exterminated any 
insect pest of any great importance, and the problems of insect control 
are consequently becoming not only of greater importance but far more 
complicated. There is no possibility that we have by any means reached 
the limits of these problems, either by the finding of effective control 
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measures for all of our major pests or by ceasing to introduce other 
pests. As our commerce with other parts of the world steadily increases, 
and particularly as the time of transportation of products from point to 
point in the world is materially shortened through the use of improved 
methods of transportation, especially by the use of the dirigible and air- 
plane, we can expect to continue to acquire new pests of major im- 
portance from all parts of the world. 

Not hundreds but literally thousands of seriously destructive in- 
sects can be found in Europe, Asia, Africa, and South America, which, 
once established in this country, would still further complicate and still 
further increase our insect problems. Apparently we are approaching 
with many insects the point where chemical control through the use of 
sprays, dusts, and fumigants cannot be greatly increased and where 
satisfactory solutions of our insect problems can only be attained by 
attacking these problems from the biological and ecological standpoint. 

When insect problems are attacked from this standpoint, they can- 
not be solved by the individual. Apparently our insect problems have 
reached the point where, in common with many other present-day prob- 
lems, the best solution can be reached only through cooperative effort. 
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SPERMATOZOAN DIMORPHISM IN VALVATA 
TRICARINATA* 


BY 
C. L. Furrow 
Knox College, Galesburg. 


The occasional presence of spermatozoa which form quite typically 
but differ somewhat in size and structure has been observed in many 
animal groups. In many animals the spermatozoa are easily distinguish- 
able into two or more classes and have been classified as dimorphic or 
even polymorphic forms. Dimorphism is of two distinct types. Sexually 
normal (eupyrene) spermatozoa are of two classes when considered as 
androspermic and gynospermic, that is to say, male-producing and 
female-producing. Eupyrene spermatozoa in some forms (many mam- 
mals) have been observed to demonstrate a dimorphic character in size 
relationships and fall distinctly into two definite size-groups forming a 
bimodal curve when the measurements of a large number of sperms are 
plotted. Sexually abnormal spermatozoa differ from the eupyrene forms 
in size and in the character of the nucleus and in addition lack the 
ability to fertilize. During development within the testis in this second 
group, some of the chromosomes may be lost, and the sperm then be- 
comes regarded as oligopyrene. In case all of the chromosomes are lost 
the condition is described as apyrene. This group has been designated 
as pathological. 

In this brief preliminary announcement the writer wishes to make 
a statement regarding the condition in the ovotestis of a hermaphroditic 
mollusk. In Valvata tricarinata (Say), a fresh-water prosobranchiate, 
dimorphic spermatozoa have been identified and some observations made 
in their development. Following the classification mentioned above, 
these dimorphic sperms have been assigned to the eupyrene (typical) 
and pathological (atypical) groups. Both sexual and pathological 
sperms develop concurrently in the ovotestis, and at the termination of 
the developmental cycle the sexual type finds its way to the herma- 
phroditie duct. The atypical sperms develop and for the most part 
degenerate within the ovotestis, but occasionally an atypical sperm has 
been observed in the sperm duct. The eupyrene sperm distinguishes 

* Contribution No. 36 from the Biological Laboratory of Knox College and the 


Zoological Laboratories of the University of Iowa, aided by a grant from the Na- 
tional Research Council, through the Committee for Research in Problems of Sex. 
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itself by its slender lancet-like head and long tail-piece. ‘The atypical 
sperm differs markedly in form, having a thick sickle-shaped head and 
a heavier and shorter tail. In Valvata the number of atypical forms 
is small when compared with the typical forms, and there is evidence 
that the ratio varies with cyclic conditions present in the gonad. 

Numerous theories have been advanced for the presence of these 
curious forms of spermatozoa in many animals, and the general opinion 
is that they are formed because of some abnormal phenomena which are 
active in the gonad itself. The writer is disinclined to this view but 
regards the formation of the atypical sperm in Valvata as a result of a 
natural process which occurs in this hermaphroditic gland. It is prob- 
able that certain of the spermatids in their formative period are in- 
fluenced by local physiological differences in the ovotestis. This phy- 
siological differentiation results in the production of two types of sper- 
matozoa. 








Fig. 1 Fig. 2 


Fig. 1. A photomicrograph of a section of the gonad (x 1400) showing 
the histological conditions of the ovotestis, sperm tubules, and young egg 
cells. 


Fig. 2. A photomicrograph of a section of the gonad (x 2700) showing 
cytological details of the cells: t = sperm tubule; ts = typical spermatozoa; 
at = atypical spermatozoa; tst = typical spermatids; ats = atypical sper- 
matids; eg = young egg cell. 
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A NOTE ON THE ANTIGENIC PROPERTIES 
FROM AVIAN LARYNGOTRACHEITIS 
BY 


Ropert GRAHAM, FRANK THORP, JR., AND W. A. JAMES 


University of Illinois, Urbana. 


from 0 to 75 per cent and often occurs suddenly. 


guinea pigs appear resistant. 














PLEOMORPHIC MICROORGANISM ISOLATED 


The cultural, morphological, and pathogenic characters of 
pleomorphic microorganism with coccit, ovoid rod forms, and granular 
rods in different media as well as numerous diplococci and spiral-like 
forms observed in inflammatory exudate of the respiratory tract of fowls 
suffering from acute and subacute laryngotracheitis have been described 
by the authors in a previous publication.‘ Morphologically the diph- 
theroid character of the virus is suggested. Acute avian laryngotracheitis 
is a destructive disease which occurs in farm flocks and poultry-feeding 
stations throughout the country. In Illinois young fowls (one year) 
appear slightly more susceptible than older chickens, yet a clinically 
similar disease may occur in adult chickens or in chicks not over two 
weeks of age. The subacute type is seldom fatal and may be so mild 
as to attract little or no attention. Mortality in the acute disease varies 


The pathogenic properties of the pleomorphic microorganism iso- 
lated from natural cases of the acute and subacute disease in mature 
fowls suggest a selective localization of the virus for the tissues of the 
upper respiratory tract. Intravenous injection of the virus produces 
marked transitory depression in a few hours, which may terminate in 
coma and death, while laryngeal instillations produce symptoms and 
lesions of subacute laryngotracheitis which subside in one to three weeks. 
Occasionally fatality follows laryngeal instillation in young experimental 
fowls, though more often a subacute form of the disease is excited. Like- 
wise, intra-ingluvial instillations of the virus produce transitory inflam- 
mation of the larynx, yet subcutaneous injection of cultures in mature 
fowls failed to elicit symptoms. Young chicks two to four weeks of age 
are often fatally affected following subcutaneous injection. Rabbits and 


1Pleomorphic Microorganism Associated with Acute Avian Laryngotracheitis. 
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Fowls that recover from laryngotracheitis artificially induced by 
swabs from the larynx of sick fowls, as well as fowls surviving the natural 
subacute infection appear quite as susceptible as healthy fowls with un- 
known history of previous infection, upon being injected intravenously 
with cultures of the pleomorphic microorganism. Fowls that recoy- 
ered from the artificially induced transitory laryngotracheitis as the re- 
sult of exposure to cultures also proved susceptible to intravenous in- 
jection. 

The susceptibility of naturally and artificially infected surviving 
fowls to the avian diphtheroid-like organism prompted further inquiry 
into the antigenic properties of this virus. Healthy chickens with no 
known history of natural infection, as well as chickens following natural 
and artificial exposure were tested for agglutinins in dilutions varying 
from 1:10 to 1:200. The results were negative, suggesting that aggula- 
tinins were not produced in the acute or subacute disease, and that 
healthy fowls did not carry agglutinins in their blood in the above 
dilutions. 

The antigenic properties of the pleomorphic micoorganism as 
judged by agglutinin production were, however, experimentally demon- 
strated by repeated subcutaneous injection of unattenuated, washed 
blood agar cultures into rabbits. The titre following injections went as 
high as 1:200, and remained at this level without further treatment for 
about five months. Chickens receiving a single nonlethal intravenous 
injection did not produce agglutinins consistently, but often showed 
them in low dilutions. Two horses receiving repeated subcutaneous in- 
jections of the culture which had been propagated on plain chicken in- 
fusion agar with sterile milk on the surface of the agar, as well as in 
chicken infusion broth developed agglutinins in dilution of 1:100,000. 
Following subcutaneous injection of horses, severe transitory reactions 
were observed for 48 to 72 hours. 

The equine anti-serum produced by subcutaneous injection of the 
pleomorphic microorganism encountered in an acute case of avian 
laryngotracheitis agglutinated the homologous strain in higher dilutions 
than morphologically and culturally similar microorganisms isolated 
from other acute as well as subacute types of the disease. The variance 
in the degree of agglutinability between culturally similar diphtheroid 
types failed to suggest a specific difference between all the strains. 
However, the complete absence of agglutinating character in some cul- 
turally and morphologically similar strains suggest the possibilities of 
distinct and separate species. 

The homologous strain, from which the anti-agglutinating serum 
was prepared, following passage through animals agglutinated in the 
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same degree as the original culture on three occasions. 
passages the agglutinable character of the virus had slightly diminished. 
Among 15 strains isolated from the acute and subacute disease that 
showed similar morphological and physiological characters, 7 agglutin- 
ated in dilutions which prompted their classification with the pleomor- 
phic microorganism isolated from the acute disease which had been 
used to prepare the agglutinating serum. 
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In two other 
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AGGLUTINATING PROPERTIES OF ANTI-SERUM CULTURE OF AVIAN 
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among this group that were doubtful, agglutinating in dilutions as low 
as 1:100 only, while 5 of the pleomorphic microorganisms showing 
similar morphologic characters and carbohydrate reactions were not 
agglutinated by the heterologous agglutinating serum, notwithstanding 
their close relationship culturally. 


CONCLUSIONS 


1. Natural acute avian laryngotracheitis followed by recovery, as 
well as the artificially induced disease, was not followed by the produc- 
tion of demonstrable agglutinins to the pleomorphic microorganism in 
dilutions ranging from 1:10 to 1:200. 

2. Healthy chickens without history of laryngotracheitis failed to 
show the presence of agglutinins in their blood, and occasionally a single 
intravenous injection of the pleomorphic microorganism produced 
agglutinins. 

3. Rabbits and horses developed agglutinins in their blood follow- 
ing repeated subcutaneous injection of one pleomorphic diphtheroid-like 
strain. In the former, the titre was observed as high as 1:200, and in 
the latter 1:100,000. 

4. Diphtheroid-like organisms possessing similar cultural and 
morphological characters, which were isolated from spontaneous cases 
of laryngotracheitis in fowls, proved pathogenic to chickens. Five of 
these culturally analogous strains were not agglutinated by a_hetero- 
logous serum, and this suggests the possibility of distinct and separate 
pathogenic strains associated with avian laryngotracheitis. 
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STIMULATION OF THE RATE OF HEART BEAT IN 
SOME LOWER VERTEBRATES (FROG AND 
FISH) BY MEANS OF ULTRAVIOLET 
POINT RADIATION* 

BY 


Marie A. HINRICHS AND IRENE MILLIKEN 


University of Chicago. 


Abstract 


Ultraviolet radiation from a Cooper-Hewitt quartz mercury-vapor 
are was focussed to a point by passage through a quartz rod placed at 
right angles to the are. By adjusting the point of the rod on the pace- 
making regions of the heart of Fundulus and of the frog, a significant 
increase in the rate, as measured by the number of beats per minute, was 
obtained. When the radiation is cut off, the rate of beat approximates 
the normal rate. 

As reported in a previous paper’, exposures of from 1 to 5 minutes, 
in the region of the sinus of the heart of Fundulus were stimulative in 
all regions of the heart. A 12-minute exposure was slightly depressing. 
Exposures of 1 to 2 minutes in the region of the sinus produced a gain 
in rate of beat of the sinus of from 12 to 19 per cent, and a gain in rate 
of beat of the bulbus of from 18 to 27 per cent. Newly hatched fish were 
used in these experiments. 

Radiation applied to the sinu-auricular junction of the heart of the 
frog produced a stimulation of from 5 to 27 per cent in rate of beat. 
One series of experiments gave a stimulation of 40 per cent, beyond the 
normal rate of beats per minute. The heart of the frog was left in 
place in the animal while stimulation by radiation was applied. 


__ * This study was supported in part by a grant from the Rockefeller Founda- 
— Ig in part by a grant from the Radiation Fund of the National Research 
ouncil. 

1Hinrichs, M. A. 1930. Uitraviolet radiation focussed through a quartz rod 
— effect on Fundulus heart beat. Proc. Soc. Exp. Biol. and Med., vol. 27, pp. 
54-357. 
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PRELIMINARY NOTES ON ILLINOIS MOUND-BUILDER 
INDIAN SKELETONS 
BY 
WitiiaM F. HoHeEIseL 
University of Illinois, Urbana. 


Through the courtesy of Dr. D. F. Dickson, Lewistown, Illinois, the 
author has been accorded the privilege of studying, in the field, approxi- 
mately 250 Indian skeletons in a good state of preservation. Early 
observations on the adults of the group are summarized in this paper 
with the idea of listing such bone characters as are thought to be dis- 
tinctive, while some ‘functional explanations are attempted. This study 
concerns only the appendicular skeleton and the trunk. Many char- 
acters that are interesting and possibly specific have been found in a 
study of this material, especially in the long bones of the extremities. 
Laboratory bones of white and negro were used for comparative pur- 
poses. 


THE SKELETON AS A WHOLE 


A study of the parts of the Indian skeletons seems to indicate a 
people of medium stature with well-developed, but not excessive, mus- 
culature. A uniform environment is indicated in the lighter skeleton 
and more uniform tone of muscle markings. In general the bones of the 
Indian approximate those of the white more than those of the negro. 
Female skeletons show the usual gradation; but in about twelve cases 
it was practically impossible to diagnose the sex on the basis of general 
features, for even the pelvic landmarks were confusing and showed both 
male and female characters. No important anomalies of the trunk or 
appendicular skeleton have so far been discovered. The ribs are of mod- 
erate development. The skull shows some variations in the occiput, and 
wormian bones are not uncommon. 


THe HuMERvs 


The male Indian humerus averages about 32.6 cm., while the 
major and minor diameters at the middle of the shaft are 2:25 em. and 
1.66 cm., respectively, the female bones averaging less in general dimen- 
sions. ‘The humeri conform very nearly to those from Arkansas, 
Louisiana, and those of the Lenape (Delaware) group reported by 
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Hrdlicka (1908). The shaft corresponds to that found in whites and 
negros, in that it is cylindrical in the proximal region and prismatic or 
triangular in the distal. However, the Indian approximates the white in 
a more sharply defined lower prismatic portion. It is noted that the 
head has a more obtuse relation with the shaft than is found in labora- 
tory bones, and as a result, the articular surface faces more superiorly. 
In contrast, the articular surface of the negro bone faces more medially 
because of a more acute relation of the neck to the shaft. The bone of 
the American white is intermediate in this feature. 

There is a correlation, apparently, between the angle of incidence 
of the head and neck to the shaft and the position of the anterior border. 
The tendon of the long head of the biceps muscle passes through the 
bicipital groove, of which the anterior border forms the lateral ridge, and 
enters the shoulder joint, to take origin on the supra-glenoid tubercle of 
the scapula. The direction of tension and pressure of this tendon in the 
coincident development of muscle and bone would depend greatly on 
the relation of the head to the shaft. This can readily be seen by refer- 
ence to an articulated upper extremity. The direction of tension in this 
tendon is toward the lesser tuberosity in humeri with necks sharply in- 
clined to shaft, and laterally, in humeri with more obtuse necks. In 
the first case a more medial bicipital groove and anterior border would 
result, and in the second instance (as found in the Indian humerus) the 
anterior border would be pushed more laterally. These differences are 
most obvious in the superior two-thirds of the shaft. The female bones 
show an identical relation. 

Other characters found to be constant in the Indian bone and vari- 
able in those of the laboratory are: (1) a moderately deep musculo- 
spiral groove; (2) a flat or slightly concave posterior-inferior third of 
the shaft, as opposed to a convex surface in the negro bone; (3) a con- 
cave antero-medial surface distally, whereas in the negro it inclines to 
the convex; and (4) an external supracondylar ridge, not exaggerated 
as in the negro. The trochlea and capitulum are normal in appearance. 
Perforate olecranon fossae are common, however, since thirty-five skele- 
tons showed this character and a very high percentage of frequency is 
expected when better examination is made possible. Such a condition is 
referred to as primitive by Piersol (1908), although its occurrence in 
laboratory bones is not uncommon. 

It is interesting to note the absence of the supracondyloid process. 
Hrdlicka (1908), in commenting on the absence of this process in the 
Kastern Indians, says: 

“The rarity of this process in the Indian is of additional interest from 
the fact that it seems to be shared by other branches of the yellow race, and 
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also by the blacks; moreover, the process appears to be absent or nearly so, 
in humeri of all known apes. The problem as to why a feature of this 
nature, which appears to be reversive, should be more common in modern 
whites than in the more primitive races and even in the anthropoid apes 
and lower primates, offers a fruitful field for investigation.” 


THE Rapivs 

The Indian radius averages about 25.5 em. and is not as massive as 
the negro or white specimen. No differences were noted in the head, 
neck, and curvatures of the shaft other than those usually recorded. 
Distally, the anterior surface is consistently more concave than in the 
laboratory bones, and the anterior border, from the tuberosity to the 
styloid process, is prominent. A relatively powerful pronator quadratus 
is suggested by the concavity. At the middle of the lateral surface ¢ 
roughness indicating the point of insertion of the pronator teres shows 
this muscle to have been equally well developed. The attachments for 
the supinators are less prominent. These observations are in harmony 
with the probable use of the hands in the Indian. The anterior surface 
is normal in the upper two-thirds of the shaft, while posteriorly no 
modifications are apparent. Inferiorly, the carpal surface for articula- 
tion with the lunate and navicular, is definitely shallower than the same 
surface on negro bones, and seems to resemble the condition found in 
the whites. 

THE ULNA 

The male ulna averages 27 em. in length and, as might be expected, 
is not as massive as the negro bone. Proximally, the trend of the beak 
of the olecranon points forward and laterally in a constant relation. In 
the negro the trend is still more laterally. The posterior and superior 
parts of the semilunar notch tend to follow the course of the beak, with 
the result that in the Indian the articular surface is more anterior. The 
olecranon ossifies from a shaft nucleus and from another near the point 
of the beak. Because of the fact that the olecranon fuses to the shaft at 
about 16 years, it is possible that variations in laboratory subjects might 
have been induced through occupational uses of the forearm. The 
trochlea of the humerus shows no variability in the inflection of its 
processes. Any apparent difference in the trend of the olecranon is 
relative to the shaft. The supinator ridge of the ulna is indistinct. In 
whites and especially in negros, this ridge is prominent and often pre- 
sents a definite flange of bone, forming an appreciable concavity for the 
anconeus muscle. The power of supination, a movement peculiar to the 
forearm, would be developed in the trades through specialized use of 
these muscles. On the other hand, pronation is used more in the resting 
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position and in primitive people using the squatting position. ‘This 
might explain the difference in accentuation of markings for the pro- 
nator and supinator muscles in the respective groups. This is in con- 
formity with the correlation of environment with findings on bone. The 
shaft is normal in the upper and middle portions but in the lower third 
a prominent groove is present between the anterior and interosseous 
border. It is overhung by a ridge which gives it a distinctive character. 
A slight groove is always perceptible here (the point of origin of the 
pronator quadratus), but its condition in the Indian seems to indicate 
better development of the pronator muscles. 

One ulna is anomalous in its posterior and lateral relations. It 
shows the normal origin of the posterior border, which then extends 
laterally to assume the position of the interosseous border, only to turn 
abruptly back near the junction of the upper and middle third of the 
shaft. A tubercle is formed at the confluence of the oblique and vertical 
lines and posterior border. The normal vertical line is pushed posteriorly 
and its position assumed by an accessory vertical line. This bone pre- 
sents a distinct lateral surface instead of the usual postero-lateral, and 
all concave surfaces are accentuated. 


THE Femur 


An average measurement of a series of male femurs gave a maxi- 
mum length of 45 cm. and a bicondylar length of 45.3 em. The left 
seems somewhat longer than the right while the female bones are on the 
average 3 cm. shorter than the males, although the longest skeleton in 
the excavations is a female with a femoral length of 48 em. The above 
measurements might be changed slightly in a statistical study of a larger 
number of skeletons. As it is, they approach the figures obtained by 
other workers with Indian material. Although the Indian femur appears 
more slender, especially near the middle, cross-sections at this point in- 
dicate a shaft practically as thick as is found in negro bones of the 
same length. The relation of the neck to the shaft is constant in Indian 
femurs. Because of the doubtful character of some of the American 
white and negro bones examined, it is impossible to draw an exact com- 
parison. The neck is consistently longer than in the negro, and less at 
right to the shaft. Apparently, the relation of the neck to the shaft in 
long bones is specific in the Indian, especially as it applies to the 
humerus and femur. Inconstancy of this feature in bones of the labora- 
tory might be the result of impure racial stock. A subtrochanteric 
flattening (just below the lesser trochanter) is found consistently in 
these bones, and as a result, the medial surface here presents an acutely 
convex ridge or border, instead of the usual broadly convex surface 
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found in the negro. The linea aspera is not excessively prominent. The 
gluteal tuberosity, in a majority of the bones, is an irregular oblong 
ridge, more limited than in the negro. A rounded tuberosity resembling 
a third trochanter was found only in one specimen. The shape of the 
shaft at the middle varies, the prismatic, plano-convex, and intermediary 
forms being represented. A more specific character would be the antero- 
posterior compression of the shaft found in the superior third. In- 
feriorly, the difference between the prominence of the medial and lateral 
condyles is proportional to that found in whites, the differences between 
the bicondylar and maximum lengths of the femurs being about the 
same. As in the case of the humerus described by Terry (1921), there 
is an absence of the supracondyloid process. 


THE TIBIA 


The tibias show an average maximum length of 37 cm., female 
bones being shorter by about two centimeters. Various type forms are 
represented in the shaft at the middle. Some are concavo-convex and 
others plano-convex, while several show extreme bilateral compression. 
In others the posterior surface is separated by a vertical ridge. The 
head shows pronounced and moderate retrogression in about equal ratios, 
a character usually regarded as a primitive one. Another character 
representative of aboriginal people presumably using the squatting po- 
sition excessively, is the anterior articular facet on the distal end of the 
bone. It is slight in this group, varying somewhat with the degree of 
shallowness of the tarsal surface of the bone. In most cases only a 
beveling of the anterior border of the articular surface is apparent. This 
is effected by the talus in flexion of the foot. The tarsal surface gen- 
erally seems less deep than in whites and negros and this might pos- 
sibly be correlated with the extreme use of flexion and the squatting 
position. 

THE FIBULA 


The average length of the fibula is 35.3 em., and there is very little 
difference between the two sides. In shape, the bone tends toward the 
lateral prismatic, the posterior surface facing backward and inward, the 
medial surface much less in area than the lateral, and the anterior sur- 
face narrow to broad. 


THE TARSuS 


A detailed study of the tarsus has not yet been made. The 
superior articular face of the talus is more abruptly convex antero- 
posteriorly, and the concavity from side to side is Jess deep than in 
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laboratory bones examined. It has already been said that the tarsal sur- 
face of the tibia has a comparatively shallower articular surface. Such 
a mechanical arrangement would weaken the joint but increase its 
mobility, thereby allowing greater flexion and extension of the foot. 

The calcaneus invariably has two articular facets superiorly, one 
anterior and medial and the other posterior. Sometimes the anterior is 
split. On a limited count about 75% had three, and 25% had two 
facets. This conforms with findings on other Indian skeletal material. 
These features are common to the black and white races and not 
significant except in a general statistical study. 


THE CLAVICLE 


The average length of this bone is about 15.4 em. in the males. 
On the left side the bone is slightly smaller. Indian clavicles have the 
appearance of being excessively long because of the small diameter of 
the middle of the shaft. None are massive. 


THE SCAPULA 


It has been difficult to study these bones because of their position in 
the excavations, since practically all the skeletons are resting on their 
backs. The vertebral border below the spine is concave in some, convex 
or straight in others. In the limited number of bones examined the 
concave type was dominant. According to Graves (1921), “The 
straight and concave types are variants when compared to the convex 
type.” These types may later be correlated with developmental de- 
ficiencies such as perforate sternae, perforate olecranon fossae, and the 
lack of fusion of the first sacral segments. One diminutive scapula of 
the convex type displayed a very broad and deep scapular notch which 
occupied practically the entire superior border. No classification of 
scapulae on the basis of the character of the superior border has been 
made as yet. 

THE STERNUM 


Examination of sternae showed that in some the manubrium was 
ossified to the body and in others it was detached. The same conditions 
were found to apply to the xiphoid process and the body. Eight of fifty 
sternae examined were perforate. Observations on this part and other 
bones of the trunk remain incomplete. 


THE VERTEBRAE 


The atlas and axis are found to be more massive in the Indian. 
The odontoid process is regularly in the vertical position, while in 
laboratory specimens this character is variable. Articular surfaces are 
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found to be more flat in both atlas and axis. In the laboratory bones, 
the articular surfaces face downward, forward, and slightly laterally, 
while in the Indian they face downward and laterally. There seems to 
be less tendency toward spina bifida in the cervicals. There is general 
conformity with the white and negro bones in the rest of the vertebral 
segments. 

THE SACRUM 


Sacra of five, six, and seven segments were found, but the five-part 
sacrum was predominant. The other types are numerous enough to be 
included in a statistical study later. The auricular surface included the 
first three segments in its extend. Inasmuch as this is ordinarily a 
variable character, it will bear closer attention. A high percentage of the 
sacra showed a lack of fusion of the bodies of the first and second seg- 
ments, fifteen out of twenty-five showing this character. As a develop- 
mental deficiency this finding would not be especially significant. A 
high frequency, however, in a race free from admixture, is important 
data for the anthropologist. The hip, as a functioning unit, has not 
as yet been studied. 

SUMMARY 


The skeleton of the mound-builder Indian is lighter and less prom- 
inently marked than that of the negro and white. A more uniform 
environment and a race free from admixture are shown in the constancy 
and even tone of bony landmarks. These suggest an individual of good, 
but not excessive, physique. The relations of the head and neck to the 
shaft in the long bones (as in the humerus and femur), together with 
certain constant features in their surfaces and borders, indicate heredi- 
tary characters. Even the bony prominences for attachment of muscle 
are constant and distinctive enough to aid in characterizing the mound- 
builder Indian by means of the skeleton. Such information is not only 
of interest anatomically, but becomes increasingly significant anthropo- 
logically as data slowly accumulate on the various Indian groups. 
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SOME ATYPICAL VERTEBRATE BLOOD VESSELS* 
BY 
Rosert N. McCormick 
University of Illinois, Urbana. 

During the two-semester course in comparative anatomy at the 
University of Illinois, three different vertebrate specimens are dissected 
by each of the nearly 250 students. In the short time that the writer 
has been connected with this course, noticeable variations from the ex- 
pected condition have been observed in the urogenital and vascular sys- 
tem of the spiny dogfish, in the musculature and skeleton of Necturus, 
and in the mammalian veins, especially in those of one cat. The fre- 
quently dissected cartilaginous fish, Squalus acanthias, was described by 
Linneas, who is stated to have upheld the idea of the fixity of species. 
We are here calling attention to some modifications of the visceral and 
body-wall vessels of this species seen in laboratory specimens during the 
current school year. Since the practice has been followed of checking 
the students’ drawings of these vessels with the actual specimens used, 
each of the atypical conditions observed has called for an explana- 
tion, and in some cases they have affected the student’s worship of 
authority, the authority of the printed page. 

The specimens used were doubly injected and well-preserved adoles- 
cents of Squalus acanthias obtained from Dr. F. K. Lambert, of Tufts 
College, Massuchusetts. The laboratory guide mainly used was that 
prepared by Dr. A. R. Cahn, of our department, after considerable ex- 
perience with this same kind of material. The nomenclature of this 
book is followed here. This study was made at his suggestion. 

In addition to the observations made on students’ specimens, I 
have examined one hundred others with especial reference to atypical 
visceral blood vessels. ‘The diagrams referred to, with the exception of 
Figures 16 and 17, are from this material. 

In looking for the branches of the coeliac artery, a gastrohepatic 
artery reaching almost to the stomach, a distance of an inch, has been 
found (Figure 2), and all gradations shorter, to that in which the gastric 
and hepatic spring as separate vessels from the coeliac axis (Figures 3 
and 4), along with the anterior intestinal artery. There occur paired 
hepatics, of a variable length, arising from the same point on the gastric 


* Contributions from the Zoological Laboratories of the University of Illinois, 


No. 390. 
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PLATE I 


Diagram of blood vessels of viscera and body wall in a spiny dogfish, 
Squalus acanthias, considered to be typical. Abbreviations used: A. M. A. 
anttrior mesenteric artery; G. A., gastric artery; G. H. A., gastrohepatic 
artery; G. V., gastric vein; P. J. V., posterior intestinal vein. 
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PLATE II 


Atypical blood vessels observed in Squalus acanthias, in laboratory speci- 
mens, during 1929-30. Abbreviations used: A. J. A., anterior intestinal ar- 
tery; A. Gpsp. A., anterior gastropancreaticosplenic artery; A. J. V., anterior 
Intestinal vein; C. A., coeliac artery; D. A., dorsal aorta; G. A., gastric 
artery; G. H. A., gastrohepatic artery; H., hepatic artery; P. I. A., posterior 
intestinal artery. 
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channel (Figure 6) ; also hepatics unequal in length, arising from differ- 
ent points one, for instance, on the short gastric and the other directly 
from the coeliac (Figure 7). One hepatic artery was noticed that arose 
about an inch from the most usual place, coming not from the gastrie, 
but from the anterior intestinal artery just at the duodenum. The small 
branches of the hepatics to the bile duct and adjacent mesentery are 
equally variable. 

We have seen an anterior mesenteric artery, the length of an inch, 
giving rise to the anterior gastropancreaticosplenic and posterior in- 
testinal artery (Figure 9). Intermediate lengths, from that to none, 
occur (Figures 10 and 11). In the later case, the two blood channels 
that leave the dorsal aorta may do so from a point parallel to each other 
(Figure 11); the posterior intestinal artery may arise just posterior to 
the other, or it may arise a quarter of an inch away and then cross at a 
variable distance in the body cavity (Figures 12 and 13). 

In some specimens the posterior mesenteric artery, or arteries, left 
the dorsal aorta twice as far from the anterior mesenteric arterial chan- 
nels as in others (Figures 12 and 13). Beside a variable point of exit, 
when this vessel is single, we have seen two and even three distinct and 
separate blood channels crossing the mesorectum to the rectal gland and 
colon (Figure 12). 

The segmental arteries from the dorsal aorta do not all develop to 
an equal degree. In some specimens one or a group of them appear 
one one side and not the other. In one specimen the pair of segmental 
arteries just posterior to the subclavian was at least as large and ex- 
tensive as the subclavian arteries (Figure 16). The iliae artery, as well 
as the subclavian, represents an enlarged segmental and the two sides 
may even originate asymmetrically from the aorta. Further, the iliac, 
instead of connecting in the body-wall with the lateral abdominal artery, 
may supply the posterior part of this region by a more median channel 
in which the blood evidently courses anteriorly. 

As to the visceral veins of the shark, the relative size and pattern 
made by the four main tributaries of the hepatic-portal were not regular 
but only one striking shift is to be reported. In this specimen the 
posterior intestinal vein fused with the anterior intestinal vein just 
about one turn posterior to the beginning of the spiral valve (Figure 
17), instead of about two inches anterior, near the anterior end of the 
dorsal lobe of the pancreas (Figure 1). As a consequence of this shift, 
most of the blood from the spleen and bend of the stomach had con- 
necting channels with the gastric veins, and so flowed in an opposite 
direction to the usual course (Figure 17). 








wl 
do 
fr 
th 
te 
ga 
ar 
of 
re 


fu 














Papers Presented in the Twenty-third Annual Meeting 259 


From the last one hundred specimens examined, there were five 
with no gastrohepatic artery. Some were hardly distinguishable or 
doubtful. There were eleven double hepatic arteries. One of these 
from the coeliac. There were eight cases of prominent extra branches in 
the mesentery, arising from hepatic arteries and making various pat- 
terns. ‘There were seven anterior mesenterics, three cases of anterior 
gastropancreaticosplenic arteries and posterior intestinal arteries which 
arose from the dorsal aorta separately and did not cross, and ten cases 
of these two crossing. In at least two of these crossings, there was a 
real fusion of channels. In some others, there definitely was not a 
fusion. 

Possibly this limited study suggests a reason for the following state- 
ment of O’Donoghue and Abbott (1928): “In spite of the fact that 
thousands of specimens of Squalus acanthias and Squalus sucklii are 
used every year in North America, there appears to be no satisfactory 
account of the blood vascular system of either species available.” Even 
the second edition of Professor J. F. Daniels’ book on “The Elasmo- 
branch Fishes,” also published in 1928, does not entirely remedy the 
situation, as it is not primarily based on the Spiny Dogfish. 

According to Daniels (page 83), the gastrohepatic artery in 
Acanthias is usually a short trunk. He says (page 185) that the su- 
perior mesenteric “may occasionally be found as a short trunk in 
Acanthias (out of 500 cases examined in Squalus sucklii seven had short 
superior mesenteric trunks.)” He states that when there is no superior 
mesenteric artery, the posterior intestinal arises anterior to and crosses 
over the anterior gastropancreaticosplenic; also (page 187) that “the 
inferior or posterior mesenteric usually arises as a single vessel except 
occasionally as in Acanthias.” 

O’Donoghue and Abbott make the following statements about 
variations in the visceral blood vessels that we are considering. On 
page 858 they claim that the hepatic artery arises more frequently 
directly from the coeliac than as a branch of the gastrohepatic. They 
also have seen the hepatic give off a vessel to be distributed to the 
pyloric end of the stomach. “In a few cases two hepatic arteries are 
present.” They say (page 862): “In a few cases, both in Squalus 
acanthias and in Squalus sucklii, the anterior mesentric and lienogastric 
arise from the dorsal aorta by a common stem.” They suggest that the 
presence of two vessels here is the more primitive condition. They state 
also that double posterior mesenteric arteries are common, but that triple 
ones occur in less than one per cent of the specimens of Squalus 
acanthias. 
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O’Donoghue and Abbott suggest that the observed irregularity in 
size and number of the primitively paired and equal segmental vessels 
is a specialized feature of Squalus acanthias. The same authors find 
variations in the veins, but state (page 878) that “four principle veins 
are practically always represented in the elasmobranchs.” They add 
(page 881), with reference to the lateral abdominal veins, that a pelvic 
anastomosis is apparently absent in Squalus. In our laboratory last 
year Mr. Paul Beaver clearly demonstrated such a channel by injecting 
india ink across from the main trunk of the lateral abdominal vein to 
the other. 

As to a general explanation, it is postulated that of network of blood 
vessels in the embryo, as they continue to function, some single channels 
persist and grow larger, various fusions occur, and that the physical 
basis is present for the modifications of pattern seen in the definitive 
vessels. Unusual subclavians or iliacs evidently are accounted for by 
the history of the segmental vessels. As to why one, two, or three chan- 
nels should persist in the mesorectum, or what factors account for the 
mesenteric vessels anterior to that crossing so frequently, I have found 
no explanation. 

While these observations of atypical vertebrate blood vessels may in- 
dicate one new channel for Squalus acanthias, and refer anomalies in so- 
called laboratory “types” to less differentiated embryonic patterns, they 
mainly serve to point out the general problem of variation. 
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INSECTS THAT BITE MAN* 
BY 


C. L. Metrcatr 


University of Illinois, Urbana. 


If insects were endowed with a reasonable amount of common 
sense they would never attack man, and this paper could not have been 
written ; for such a method of securing food is certainly one of the most 
hazardous imaginable. 

Unfortunately for us, however, insects do not have common sense. 
They know no caution and are not wary. Some species attack man with 
reckless abandon and with such viciousness and relentlessness that their 
assaults can not be ignored. 

This habit must have become established rather early, as man’s 
history goes. The numerous and extremely intricate relations shown 
between man and insects by the organisms of some of the insect-borne 
diseases, for example, declare that this cannot be a recent development. 
(See Figure 1, The Tsetse-fly Complex, and Figure 2, The Mosquito- 
Man Complex.) It is a tribute to the indomitable nature of the insect 
kind, that species which have undoubtedly been feeding on man’s blood 
since before the dawn of civilization are still existant and among the 
most abundant of all animals. 

In the accompanying table an attempt is made to classify the in- 
sects that bite man in three major groups according to their specializa- 
tion for the parasitic habit. The forms listed in Group A of the table 
scarcely merit the name parasites. There has been no adaptation or mod- 
ification of their structure or habits of life in accommodation to feeding 
on man, and such is not their habitual practice. Biting in these cases is 
characteristically defensive rather than offensive. 

The forms listed in Group B are mostly Diptera, which, being very 
active and free-flying, are able to shift with great frequency from host 
to host. This habit affords the opportunity to transmit diseases of the 
blood-circulatory system and is chiefly responsible for the outstanding 
importance of mosquitoes and tse-tse flies as disease carriers. 

There is some specialization of habits shown in Division 2 where 
the larvae, unlike those of Division 1, are somewhat adapted to the 





* Contribution No. 147 from the Entomological Laboratories of the University 
of Illinois. 
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GROUP A. ACCIDENTAL OR OCCASIONAL PARASITES 


Various insects and arthropods of related classes occasionally bite when 
grasped, pressed by the clothing, or when they alight upon, or crawl over 
the skin. 

a) Kissing bugs—Reduviidae. 

b) Aquatic bugs—water boeatmen, Corixidae; back swimmers, Notonec- 
tidae; water scorpions, Nepidae; and giant water bugs, Belos- 
tomidae. 

c) Spiders and tarantulas—Araneida. 

d) Centipedes—Chilopoda. 


GROUP B. INTERMITTENT PARASITES 


Flying insects that attack man only in the adult stage. The larvae or 
young develop apart from the body of man and do no harm whatever. 

Division 1. Larve breed or develop in water o- r.ud. Of the adults, only 
the females suck blood. 

a) Developing in mud: 
Horse flies or deer flies—Tabanidae. 
b) Developing in stagnant or still water: 
Mosquitoes—Culicidae. 
Punkies, no-see-ums or midgets—Chironomidae. 
c) Developing in swiftest-flowing water: 
Black flies—Simuliidae. 

Division 2. Larve breed or develop in organic refuse—dead vegetation, 
manure, dung, dust and dirt. Both male and female 
adults suck blood. 

a) Developing in moist, fermenting material: 
The stable fly—Muscidae. 

b) Developing in dry organic material: 
Fleas—Siphonaptera. 

Division 3. Larve develop. viviparously, within the parent’s. body. 
Pupe are deposited in clean dry places. Both male and 
female adults suck blood. 

Tse-tse flies—Muscidae. 








GROUP C. PERMANENT OR SUB-PERMANENT, TRANSITORY PARA- 
SITES. 


No winged stage. Entire life closely associated with the host. Usually 
all stages feed on man, biting and sucking his blood. 

Division 1. Forms which crawl upon the body to bite and suck blood in 
one or more stages, but do not spend their entire life on 
the human host. 

a) Adult stage only feeds intermittently upon man: 
Harvest mites—Pediculoididae. 

b) First-stage nymphs only feed intermittently upon man: 
Chiggers or jiggers—Trombidiidae. 

c) Nymphs and adults both feed intermittently upon man. The insects 

breed in human dwellings: 

Bedbugs—Cimicidae. 
Assassin bugs or cone-noses—Reduviidae. 

d) Insect attached or anchored to body during entire adult stage: 
Spotted fever tick—Ixodidae. 
Chigoe flea—Sarcopsyllidae. 





Division 2. Permanent parasites that live on the body of man all of their 


lives and generation after generation. 
a) Eggs laid in tunnels beneath the skin: 
The itch mite—Sarcoptidae. 
b) Eggs glued fast to the hairs of the body: 
Human head louse and crab louse—Pediculidae. 
c) Eggs laid in the clothing: : 
Human body louse—Pediculidae. 
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habitations of man, developing in masses of organic matter which he 
accumulates and, in the case of fleas, in his dwellings. It is interesting 
to note also that in Division 1 it is only the females that have learned 
the blood-sucking habit, while in Divisions 2 and 3 both males and 
females attack man. The latter is perhaps the more specialized con- 
dition. 

A noteworthy specialization is shown in Division 3. The tse-tse 
flies have no free larval existence but the larvae are nourished to full size 
upon secretions of the female’s reproductive organs. This interesting 
habit is analogous to the viviparous reproduction of mammals and, 
although rare among insects, is found also in the common sheep tick. 

In Group C occur the most highly specialized parasites that feed by 
sucking the blood of man. Many of these forms (the lice, fleas, and 
bedbugs) are believed to have lost their wings during their evolution, in 
adaptation to their habit of living continually on the body of man or 
in his dwellings. 

The chiggers and harvest mites show little or no specialization with 
reference to the human host. Some of the assassin bugs and the bed 
bugs have learned to live with man, taking advantage of his dwellings 
and furnishings as a place to hide and to lay their eggs. Their habit 
of feeding at night may also be considered a specialization to the resting 
period of the host. The chigoe flea and spotted fever tick are the only 
forms listed above which anchor themselves to a definite spot on the 
host animal. This, a very great specialization, is opposed by their lack 
of adaptation in the matter of laying eggs; the chigoe drops her eggs 
to the ground, and the tick, gravid and full fed, releases her hold on the 
host, drops to the ground, and deposits eggs on the soil, whence probably 
not one in a thousand ever finds a host again. 

The insects of Division 2 in Group C, are the only insect parasites 
of man listed above which spend their entire life-cycle upon the host. 
This is the extreme of specialization from the primitive phytophagous 
habit of the insect class. In the matter of egg-laying also the evolu- 
tionary series properly culminates in Group C. The human head louse 
and the crab louse, as is typical in the order Anoplura, glue their eggs 
securely to the hairs of the host, where the probability of being separated 
from the source of food is very remote. The habit of the human body 
louse, of laying its eggs in the clothing is clearly a specialization that 
has come about since the ancestral human stock learned to wear clothing. 
Most secure of all are the eggs of the itch mite, the female of which 
excavates a tunnel beneath the skin, in which her eggs are securely held 
and in which the young feed. 
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Horse Figs 


These are the largest flies that habitually bite man. They feed most 
commonly on various wild or domesticated mammals, but when man in- 
vades their lairs he frequently suffers the same punishment that is the 
common lot of the dumb animals. 

They rarely come near dwellings and are serious only for fishermen, 
hunters, hikers, lumbermen, surveyors, road-builders, and others, whom 
work or play carries into low, swampy woods or by the margins of lakes. 

At least certain species are attracted by the wet human skin and 
are a grave annoyance to bathers. In riding schools in the remote forest 
sporting camps their attacks upon horses sometimes lead to serious ac- 





cidents to the inexperienced riders. 

The habits of most of these flies of circling about the head in wild 
gyrations, with a loud buzzing noise, preliminary to alighting and biting, 
together with their large size (from 1% to 1 inch in length) and 
gorgeously-colored green or reddish eyes, are not likely to be confused 
with any other kind of biting insect. 

In many cases the buzz of the deer fly is the worst of its punish- 
ment for they are very wary and slow to attack. When they do bite, 
however, it is instantly the most painful of all the flies, and rivaled only 
by certain Hemiptera. In the northern woods they are called “bulldogs” 
in deference to their ability to bite. 

The eggs are laid on the leaves of aquatic plants that stand above, 
or float on the surface of the water. The young maggots typically sink 
to the bottom of marsh or stream and bore through the mud, eating such 
small animals as cross their path. They are cannibalistic. 


MosQuiItToEs 


Considering the country as a whole, or the entire world, mosquitoes 
are undoubtedly the most serious of biting insects. Even if we neglect 
their disease-carrying activities, reference to which has already been 
made (Figure 2), their abundance, their general distribution, and the 
fact that they attack both in the wild, about habitations, and indoors, 
and at nearly all hours of the day and night combine to cause a total 
of discomfort and suffering not equalled by any other family of biting 
insects. 

Like the horseflies the bite is instantly painful. The after effects 
are more serious than those from the horseflies, the weal often persisting 
for days. 
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As is well known, all mosquitoes develop in water. None have 
any means of maintaining themselves in swiftly-flowing water and they 
breed only in relatively still or stagnant water. The prevailing opinion 
is that they come from swamps. The importance of the small aceumula- 
tions of still and more or less stagnant water, however, must not be over- 
looked. In a single roadside watering trough I have found more than 
20,000 mosquitoes developing at one time. They are abundant in rock 
holes along the beds of streams, in rain barrels and catch basins, in road- 
side ditches, in discarded food cans and in pitcher plants in the bogs, 
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Fig. 2. The Mosquito-Man Complex. The various species of mosquitoes 
transmit from diseased to well persons the organisms named and thus give 
rise to the diseases shown at the top. 


Mosquitoes can be distinguished from the many kinds of similar- 
looking flies by the fact that the veins of the wings are fringed with 


scales. 
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PUNKIES 


Punkies which are locally known as “midgets,” “gnats,” “no-see 
ums.” and “them little devils” are the smallest flies that attack man. 
They can literally and comfortably crawl thru the eye of a needle. The 
result of their bite is instantly painful and out of all seeming proportion 
to the tiny gnat that inflicts it; something like a tiny spark of fire im- 
planted in the skin. 

They alight noislessly on forehead, ears, neck, arms and other ex- 
posed parts of the body and run greedily over the skin like lice. I have 
counted 12 punkies on the back of one hand, all biting at the same 
moment. Under such circumstances the frequently-recurring, hot, sting- 
ing bites all over the face, hands and arms, give the victim little 
opportunity to think of anything else. Their small size, amounting al- 
most to invisibility, their enormous numbers, the total inability to scare 
them away or screen them out, or to find a retreat where their hot pain- 
ful pricks may not reach one, combine to exhaust the patience, com- 
pletely destroy contemplation or concentration, and shatter the morale 
of all but the most stoical. 

The attacks of punkies begin in the late afternoon, reach a climax 
about dark and frequently terminate by ten or eleven o’clock at night. 
They begin again with the first crack of dawn and have ordinarily dis- 
appeared for the day by the time the dew is off the grass. 

They are strongly attracted by artificial lights and come readily in- 
to tents, cabins, houses, hotels, dining rooms, dance halls and bedrooms. 
In sections where they are prevalent they make it impossible to have 
lights for reading or any other activity after dark. One cannot stroll 
about, or work in the yard, or sit on the porch, or enjoy any quiet restful 
occupation in the evening hours. 

Punkies breed in the stagnant water of tree holes, hollow stumps, 
holes in rocks and the water of pitcher plants in bogs. The slender 
white larvae swim restlessly about in the water devouring organic debris, 
including the dead bodies of mosquitoes and other aquatic larvae. 


Biack FLIiEs 


Altho in total effect and the world over, mosquitoes are most serious, 
in the woods and mountains of the Northern States and Canada are sev- 
eral kinds of biting pests which, at least locally, are far more trouble- 
some than mosquitoes. 
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Preeminent among these pests are the black flies. They are the 
flies that are actually intolerable. They drive all but the hardiest woods- 
men out of the mountains and send some of them to hospitals. They 
ruin the business of hotels, summer resorts, golf clubs, boys’ and girls’ 
clubs, and all kinds of business that depends upon the summer tourist. 
They greatly lower the efficiency of laborers engaged in lumbering, road- 
building or surveying, and spoil the rest, recreation and sport of many 
summer visitors to the northern woods and mountains. 

There are certain peculiar things about black flies that are not 
generally appreciated. The bite of the black fly is not painful at the 
moment it is inflicted but it soon becomes a burning, itching wound that 
may last for days or weeks. Blood oozes from the wound and swellings 
as large as marbles, closing the eyes and inflating ears, arms and legs 
to twice normal size commonly result. In severe cases the face may be 
so swollen and discolored as to be unrecognizable. The venom of black 
flies appears to have a specific effect on the glands of the neck and about 
the ears, often causing a distressing stiff neck and symptoms confused 
with mastoiditis. 

There are three fortunate things about black flies: they never bite 
at night, they do not come indoors, and their season is closely restricted 
to the late spring months, usually being over by mid-July or the first 


of August. 
Black flies are small, chunky, humpbacked flies about the diameter 
of the small end of an ordinary tooth pick and 14 inch long. The head 


is small and set low against the thorax, the feelers or antennae are 
short, thick, horn-like, the mouthparts and legs short and stout and the 
wings broad, free from scales and with characteristic venation. 

These flies hover about the body, being especially annoying about 
eyes, ears and nostrils. Their flight is almost noiseless. They run 
hungrily over the skin and their bodies are firm and stout enough so 
that they can squeeze in among the clothing and hair to feed on the 
tender skin in places where mosquitoes would be crushed. Innocent 
tenderfeet who come into the mountains to go fishing or canoeing,— 
hatless, with socks rolled down or with low-necked, sleeveless dresses 
come back very soon, much sadder and wiser for the experience. 

Black flies breed or develop in the swiftest of mountain streams. 
No water flows too fast or too cold for them. I have found them in 
water flowing from melting snow at 41° Fahr. 

To find young black flies one should go to the swiftest parts of 
brooks and rivers, where the water churns or boils or foams over stones, 














Papers Presented in the Twenty-third Annual Meeting 269 


sticks, logs and other obstructions or where vegetation, such as the 
branches of trees and shrubs or the leaves and stems of sedges, break the 
surface into ripples. 

On the down-stream side of a stick, stone or object of any composi- 
tion, removed from such a rapids, the dark gray to black worms or mag- 
gots, under half an inch in length, will be seen in bright light, squirming 
or lashing slowly over the moist surface. They almost invariably curl 
the body into a U or J when removed from the water, and this posture 
is one of the most characteristic field recognition marks. 

While in the water they are anchored by numerous minute hooks 
that margin a posterior sucker and which engage a matrix of silk that 
they spin over the rocks. The rest of the body floats free and, in the 
swift current, waves in the water like a banner in the wind. If it be- 
comes dislodged it spins a life-line of silk, attached to the rock, to which 
it clings until it can recover its equilibrium and crawl back to its 
former position. At the sides of the mouth are two hook-like objects 
that prove to be marvelously constructed, strainer-like mouth fans used 
in collecting microscopic food from the current that rushes by them. 

A black fly larva is attuned to a one-way current. It seemed that 
they might possibly exist in cold lakes, where the surf dashes against 
rocks almost constantly, but an extensive search convinced me that they 
never live in the back and forth motions of such water, altho they may 
be found by thousands at the outlet of such lakes not 50 feet away. 
On the dorsal side of the body near the tail end are the retractile tracheal 
gills with which respiration is performed. 

Anchored thus in the swift water, feeding upon such minute plant 
and animal life as the current brings to it and it is able to catch with 
its fans, breathing by extracting oxygen from that in solution in the 
water with its rectal gills, occasionally being dislodged by the force of 
the current and having to struggle back up the “life-line” it spins as it 
lets go, and constantly subject to the attacks of a variety of enemies, the 
black fly lives a daring, sporty life of a month or six weeks during which 
it grows from a tiny thread-thin worm, less than 1/30 inch long to the 
full sized larva. 

The pupa stage is passed in a slipper-shaped cocoon attached to 
the same rock on which the larva lives. The open end of the cocoon 
is down stream and is filled by the head of the developing fly from be- 
hind which branching tracheal gills arise to float in the current. After 
a few days to a few weeks in the cocoon, the winged fly emerges and 
enters upon that period of blood-thirsty existence which is so annoying 
to man. 
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STABLE FLy 


This species is primarily a pest of domestic animals, but it readily 


bites man and in some sections becomes a serious pest in offices, kitchens, ht 
dining rooms and on bathing beaches and golf courses. This fly is a 
relatively noiseless in flight and distinctly stealthy in habits. Almost th 
universally confused with the house fly, which it resembles very closely, m 


its presence is scarcely noticed until announced by an acutely painful 
bite about the ankles, which is second in severity only to that of the 
deer flies. There are almost never any serious after effects from the 
bite. Its attacks are limited to the daylight hours. It is present from 


a nn , at is 
early summer until frosts. The stable fly breeds in moist fermenting \ 
vegetable matter, such as rain-soaked straw, strawy manure, and piles of " 
hay or grass-clippings. 7 

FLEAS a 

Although entirely wingless, these insects are placed in Group B 
with the flies, because of their larval habits, and the great activity of ; 
the jumping adults which pass readily from one host to another. Their ; 


bites are ordinarily not felt at the time they are made. The after-effects 
are about the same as those from the bite of a bed bug or mosquito. The 
insects may bite at any time of the day or night and at any season of the 
year. 

The bites of fleas take on additional significance because of their 
known connection with the dissemination among human beings of the 
dreaded disease bubonic plague. This has been especially serious in the 
old world, but there have been several alarming outbreaks in American 
seaport towns. 


Harvest MITES AND CHIGGERS 


Harvest mites and chiggers are minute, almost microscopic mites 
that crawl from the soil or from vegetation upon the body of man and, 
in feeding, inject a very poisonous saliva that causes a pronounced itch- 
ing dermatitis. Contrary to popular belief they do not dig into the 
skin but, after engorging, drop to the ground. Curiously it is only the 
young, six-legged nymphs of the chigger that feed on man, the adults 
being predaceous on insects and other arthropods; while in the harvest 
mites the nymphs are nourished to the adult stage within the mother’s 
body and it is the adult stage only that feeds on man. The bites of 
these small mites are not painful at once and irritation may not begin 
for six to 24 hours after the attack. 
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In the bed bugs and assassin bugs both nymphs and adults feed on 
human blood, and the insect deserts the host as soon as it has secured 
a meal. The bed bug normally feeds once in each instar. The bite al- 
though not instantly painful begins to burn and sting within a few 
minutes to an hour depending on individual susceptibility. 


TICcKs 


The spotted fever tick, dread carrier of the spotted fever disease, 
is the largest parasite in Group C. It lives in wild valleys in the Rocky 
Mountain States centering about Montana. The nymphal stages feed 
on small wild animals, especially rodents, dropping to the ground for 
each molt after which a new host must be found. Only the adult stage 
attaches to man. 

Like the chiggers and harvest mites the bite of the spotted fever 
tick is painless. In fact one of the grave dangers from this pest is 
that it may attach and the victim be entirely unaware of its presence, 
thus affording uninterrupted opportunity to inject its disease-laden 
saliva into his blood. 


CHIGOE FLEA 


The chigoe flea, not to be confused with chiggers, attacks only 
in the adult stage, following a larval and pupal period in the soil. The 
female works her body into the skin especially of the feet and becomes 
greatly enlarged as her eggs develop. The eggs are extruded through 
the entrance hole and drop to the ground. The presence of the insect 
in the skin causes a painful sore. 


LICE 


According to Bacot and Nuttall the body louse and head louse are 
varieties of the same species. They are carriers of a very serious human 
disease called typhus fever, as well as of trench fever. The crab louse 
generally restricts its feeding and egg-laying to the pubic region of the 
body, a specialization which, according to Nuttall, is accompanied by a 
correlation between the coarseness of the hairs of the host and the spread 
of the insect’s legs. The bites of all of these lice are said to be extremely 
irritating. 
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SUMMARY 


The insects that bite man come from various sources. Some like 
the itch mite live in his body tissues. Others like the cootie or body 
louse and the head louse live externally on his body or in his clothing 
continually and in all of their life-stages. Some kinds live in his 
dwelling, from which shelter they attack when he is asleep. Others 
take advantage of the conditions associated with his living and domesti- 
cation of animals and develop in waste matter thus accumulated ; for ex- 
ample, the stable fly and fleas. Still others, coming from remote breed- 
ing places in swamps and mountain streams, seek him out as a source 
of food for the voracious adult stage. These black flies, punkies, 
mosquitoes, deer flies and others, because of the remoteness of their 


origin and the very great extent of their breeding grounds are hardest 
to control and are, in general, the most troublesome of all. A still larger 
number, which are of very little importance, attack only when man 
chances to pick them up or invades their domains in swamp, mountain 
or forest. 
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VARIATIONS IN SEX RATIO AND CROSS~ 
PERCENTAGES FOR THREE SEX-LINKED 
FACTORS IN DROSOPHILA 


BY 


IVER 


Martua H. Scorr 


Southern Illinois State Teachers College, Carbondale. 


This paper presents a study of variation in sex-ratio and in all the 
Mendelian phenomena exhibited in a large series of crosses involving 
three sex-linked factors in Drosophilia melanogaster. These phenomena 
include the segregation of the three factors, their crossing-over percen- 
tages and the interference of crossing over in one region with that in 
another. The experiment was especially designed to determine the fre- 
quency of sex-linked lethal mutation in the stock used, for comparison 
with the figures obtained by Muller and Altenberg. 

The factors used in the study were three sex-linked mutants, 
namely eosin, miniature, and bar. Eosin is a light eye color that is a 
bright yellowish pink in females and is even lighter in males, being a 
pinkish yellow. Miniature wings are only about two-thirds as large in 
linear dimensions as wings of the wild fly. Bar eye is a small vertical 
strip of ommatidia 1/10 as large as normal wild type. These were 
chosen since they cover fairly well the full length of the X-chromosome. 
From the point of view of detection of new lethal mutations this spacing 
is desirable, since, wherever a lethal may occur, its existence would be 
demonstrated by disturbances to the linkage relations far more surely 
than by a mere sex ratio of one male to two females. 

The mutant characters chosen were easily distinguishable from their 
alternative characters, the wild type allelomorphic characters. 

The P, matings were made between homozygous eosin miniature 
females and homozygous bar males. Twenty such matings were started, 
each from a single pair of flies. The normal criss-cross inheritance 
shown by sex-linked characters resulted. The daughters resembled their 
fathers and the sons their mothers. From the triply recessive F, females 
phenotypically bar, and triply recessive F, males phenotypically eosin 
miniature, pair matings were made to produce the next sixteen gen- 
erations. For each culture the offspring were counted and tabulated for 
ten days and the bottles discarded. This process was continued for six- 
teen generations with twenty or more cultures started each generation. 
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In every case the offspring consisted of eight kinds of females and 
the same eight kinds of males. On account of linkage these eight kinds 
differed in frequency in a_ characteristic fashion. In any given 
phenotypic class the males and females had approximately the same pro- 
portional frequency. The absolute number of males in a given phenotype 
tended to be slightly lower than the number of females. This was only 
because in general, males have a lower viability than females. 

The largest classes were those of the original combination of 
characters, namely, eosin miniature as one class and bar as the compli- 
mentary class. Single cross-over classes had the next highest frequency 
and double cross-over classes, involving breaks in the two regions 
bounded by (1) eosin and miniature and (2) by miniature and bar had 
the lowest frequency. 


Sex Ratios 


The grand totals show 48.92% males. This deficit of males is in- 
terpreted as due to the lower viability of the males and is in accord with 
the usual results with Drosophila. Males are observed to emerge later 
than females and to be considerably smaller in size. 


SEX-LINKED LETHALS 


The indications give a probable mutation rate of two lethals in two 
hundred and thirty-eight mothers, but possibly as high as 4 in 238 
mothers, if only cultures above fifty individuals are considered. Since 
each mother has 2 X chromosomes with an equal number of chances of 
occurrence and of detection in each, this ratio would become 2 in 476 
chromosomes. The normal rate of occurrence of sex-linked lethals ae- 
cording to the extensive records of Muller (Genetics, July, 1928) varies 
considerably. The highest rate found by Muller was 1 lethal in 65 
X chromosomes. The lowest rate found was 1 lethal in one thousand 
X chromosomes and several series gave an intermediate value of one 
lethal in 350 X chromosomes. The rate which occurred in the present 
experiment namely in 238 mothers or 2 in 476 X chromosomes is there- 
fore in good accord with Muller’s results and is not near the extreme 
rate in either direction. 


These data show a higher percentage of crossing over than given 
by Morgan et a/., in their summary of Drosophila work (1925). This 
seems significant since the Chicago stock came from the Columbia stock 
originally and would be expected to give comparable results. 
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AFFECTED WING 


In one culture that produced only a few flies one of the females had 
wings inflated with haemolymph. In breeding the character behaved as 
an ordinary recessive, with poor viability. 


SPLOTCHED WING 


A single male with white eves appeared on the first day of counting. 
Since this fly showed neither miniature nor bar it was thought possibly 
due to contamination from the white stock in the laboratory. However 
it was bred from and in subsequent generations it was noticed that the 
eve was not generally pure white but contained splotches of eosin. This 
fact makes it probable that the eve color was probably due to mutation 
that occurred in the mother of the cultures. 


SEGREGATION AND CROSS-OVER RATIOS 


Crossing over between eosin and miniature................ 37.0 
Correction for doubles within this region (Morgan et al)... 3 


bo 


Meme Gemeee ECU CHO GOGR wong ici c cceccasctecccscees 40.5 





) 

Morgan’s map distance for this region.................... 34.6 
Crossing over between miniature and bar.................. 25.5 
Correction for doubles with this region................... 1.5 
Bu GY TOU GOURD coo ici ccicasnde conseuceesmee% 26.0 
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VARIATION IN FISHES 
AS A FUNCTION OF DISTANCE 


BY 


Davin H. THompson 
State Natural History Survey, Urbana. 

In the state-wide survey of the fishes of Illinois made some thirty 
years ago by Forbes and Richardson, a few species were found confined 
to those streams draining into the Wabash River while a few other 
species were found only in those draining into the Mississippi. All 
these species of restricted distribution were found to be headwater 
fishes. Furthermore, all of them are small and either are sedentary in 
habit or else have feeble swimming powers. Although the favored 
habitat of one of these fishes may be only a mile or two overland from 
a similar habitat in another drainage system, the distance separating 
the two habitats may be a thousand miles as a fish travels. It is 
evident that the reason why such a species is absent from any one of 
the great drainage systems in Illinois is simply because it has never 
travelled that far. 

That the absence of a Wabash species from Mississippi drainage 
is not due to any lack of adaptation for life there, is shown by the 
history of the distribution of the silver-mouthed minnow. This fish 
was found by Forbes and Richardson to be very abundant in streams 
draining into the Wabash but was represented by only a single specimen 
in their collections from the Sangamon Basin (part of the Mississippi 
system). In a study of the distribution and abundance of fishes in 
Champaign County made by the writer and Mr. F. D. Hunt in 1928, it 
was found that this minnow was the second most abundant fish of all 
the kinds taken in the Sangamon, contributing 1,547 specimens. _ Its 
invasion of the Sangamon drainage since 1900 was probably the result 
of its being carried there as bait by fishermen rather than of its migra- 
tion by water down the Wabash and the Ohio and up the Mississippi and 
the Illinois into the Sangamon. 

Champaign County embraces the headwaters of six stream systems. 
Of the 74 species taken within the county (Thompson and Hunt, 1930), 
there are 17 which have been collected in sufficient numbers to avoid 
errors due to random sampling and which are absent from one to five 
of the six stream systems. Furthermore, these 17 kinds include only 
those species whose preferred habitat and favorable stream size are 
known to occur generally in the stream systems from which they are 
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absent. Moreover these small, sedentary, headwater fishes have a spotty 
distribution in the state at large and show more evidence of isolation 
than is shown by fishes of large streams or by fishes which move actively 
and have strong swimming powers. 

As compared with the numbers of species of small fishes, there 
are relatively few species of large, strongly swimming, and actively 
migrating fishes in Illinois; and within each of these latter species 
the uniformity of contour, color pattern, and morphological detail bears 
witness to frequent interbreeding between populations of each species 
in different parts of a stream system and between different stream 
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Fic. 1. Maximum, average, and minimum differences in mean numbers 
of dorsal spines, between populations of Johnny darters separated by differ- 
ent water distances. 


systems. On the other hand, among the species of smaller and less 
active fishes, ichthyologists have found local races and varieties to be the 
rule. Thus, among the fresh-water fishes commonly inhabiting head- 
waters and other out-of-the-way “niches” in the environment, inordin- 
ately large numbers of species and varieties of minnows and darters are 
recognized. 

In order to comprehend the problem of fish distribution. it is 
necessary to remember that a stream is essentially a one-dimensional 
environment, since important movements of a fish can be only in the 
upstream or the downstream direction. In such a restricted environ- 
ment small fishes apparently move so slowly that evolution may take 
place while they are going from one place to another. 
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A casual survey of the literature on geographical races among 
motile animals indicates that isolation is a more effective cause of 
racial differences within a species than is a difference in environment 
to which an animal may respond directly in one generation or be grad- 
ually adapted over many generations. If this be true, the explanation 
of geographical races is to be sought in terms of the properties of the 
germplasm and of the growth of populations rather than in terms of 
the response of the organism to the environment. Every species that 
has been studied genetically has shown heritable variations of greater 
or less degree. Furthermore, these heritable variations are continually 
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of dorsal rays, between populations of Johnny darters separated by different 
water distances. 


arising de novo by changes in the germplasm due to causes entirely un- 
related to ordinary variations in the physical environment, or at least 
not as adaptive responses to them. While most of these heritable varia- 
tions are disadvantageous to the animal and are rapidly eliminated, 
many of them are of indifferent selective value and may persist. 

It is common experience that a population of a species is at all 
times heterogeneous, its degree of heterogeneity being dependent 
primarily on the rate of origin of variations de novo as compared with 
the rate of their elimination due to selectivity and the degree of inbreed- 
ing. The degree of inbreeding is important beause it is a common fact 
of all population studies that the population of a species within an 
isolated area at any one time is not descended from the entire population 
of that species in that area, let us say several generations earlier, but 
from a fraction of it. If, in any generation, by chance, the parents of 
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the next generation are all homogeneous for some indifferently selective, 
heritable variation which has arisen de novo, then the character of the 
whole population will have been changed without regard to the selective 
value of the variations or environmental differences. Since these 
heritable changes arising de novo are fixed in populations by chance, the 
probability is infinitely small that the same changes will arise and be 
fixed in isolated populations. Hence, as long as populations are isolated, 
heritable differences from the original condition, and from each other, 
will accumulate. If, however, interbreeding is occasionally possible be- 
tween partially isolated populations, there differences will tend to be 
ironed out. 

Unusual advantages for study of such problems are offered by the 
fishes of Illinois because closely adjoining streams with the same climate 
and environmental conditions can be compared which are separated 
by varying water distances up to a thousand miles or more. For ex- 
ample, let us consider the Johnny darter, which is a small sedentary 
fish found abundantly in this state and widely distributed in all sizes 
of streams from small brooks and ditches up to the largest river. In 
order to test the hypothesis of the nature of geographical races outlined 
above, the writer counted the dorsal spines and dorsal rays of 873 
Johnny darters in 17 collections, each of which contained thirty or more 
specimens. ‘These darters were taken from the different streams and 
ditches of Champaign County (in east-central Illinois) and from the 
streams of the Rock River Basin (in northwestern Illinois). The dif- 
ferences in mean spine numbers and mean ray numbers between these 
different populations are shown in the accompanying table, together 
with their probable errors (P. E.), standard deviations (S. D.), and 
coefficients of variability (C. V.). Correlations of these differences with 
distances by water are shown in Figure 2. It should be noted that the 
average difference increases with distance by water. Furthermore, the 
range of difference, as expressed by maximum and minimum differences, 
also increases with distance. The fact that the minimum difference is 
always near zero, or rather below the value of mathematical significance 
even in the greatest water distances, indicates the randomness of the 
variations. 

In other species of small sedentary fishes, such as the rainbow 
darter and the fantail darter, differences as great or greater in the 
mean numbers of dorsal spines or dorsal rays can be found in much 
shorter water distances. Since these fishes inhabit the smaller streams 
but are not found in the larger ones, it appears that the size of the 
genetically isolated population is smaller in their cases, so that the 
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probability of accumulation of heritable differences among them is in- 
creased, 

The most extreme case found thus far is the five-spined stickle- 
back, which hides among vegetation in small spring-fed streams in 
Northern Illinois. This fish belies its name and does not always have 
five spines but shows numbers varying from 3 to 7%, and significant 
differences of counts can be obtained with water distances of only two 
or three miles. 


VARIATION IN NUMBERS OF DORSAL SPINES AND DORSAL RAYS IN THE JOHNNY DARTER 





Stream, location, and date 





Number of dorsal spines [| Number of dorsal rays 
Mean P.E. is.D. C.V. {Mean P.E. 8.D. C.V, 








Tributaries of Rock River in Illinois . + % = + %e 
uck Creek 
South of New Milford, May 4, 1927 8.86 0.047 0.53 6.0 }12.49 0.052 |0.59 4.7 
Silver Creek 
Route 2 Bridge, Aug. 22, 1927 8.48 0.069 0.66 7.8 12.50 0.069 {0.66 4.5 
Lamb Tail Creek 
1 mi. above mouth, Aug. 25, 1927 90 18.56 0.041 0.58 6.8 12.51 0.051 ]0.72 5.8 
Chamberlain Creek 
2 mi. above mouth, Aug. 23, 1927 40 78.55 0.067 0.63 7.4 12.42 0.052 |0.49 4.0 
Dunkard Church Creek bs 
2$ mi. above mouth, Aug. 25, 192 55 18.69 0.043 0.47 5.4 12.51 0.067 10.74 5.9 
Buffalo Creek 
1 mi. West of Penrose, Dec. 27, 1929 7148.51 0.046 0.58 6.8 12.54 0.054 |0.67 5.3 
Sengemon River and Tributaries 
angamon River 
Champaign-Ford Co. line, Aug. 23, 1928 608.88 0.039 0.45 5.1 [112.67 0.052 {0.60 4.7 
Trib. to S. R. 
2 mi. East of Gibson City, Feb. 1, 1930 39/8.69 0.070 0.65 7.5 112.38 0.067 |0.62 5.0 
Wild Cat Slough 
2 mi. South of Fisher, Aug. 23, 1928 2948.83 0.058 0.46 5.2 12.55 0.070 |0.56 4.5 
Big Ditch 
Near mouth, Aug. 23, 1928 3618.89 0.052 0.46 5.2 [112.61 0.072 |0.64 5.1 


Tributaries of Salt Fork River 
' West Branch 
6 mi. South of Rantoul, July 13, 1928 36 


8.72 0.073 0.65 7.5 13.36 0.075 |0.67 5.0 
Trib. to East Branch 
3 mi. S.E. of Rantoul, July 13, 1928 7518.77 0.042 0.55 6.0 112.79 0.047 10.60 4.7 
Trib. to East»Branch 
6 mi. East of Thomasboro, Sept. 20, 1928 {5218.76 0.058 0.61 6.9 113.19 0.061 |0.65 4.9 
East Branch 
5 mi. East of Thomasboro, Sept. 20, 1928 32 48.75 0.060 0.50 5.7 12.81 0.092 10.77 6.0 
East Branch 
6 mi. North of St. Joseph, Sept. 20, 1928 {6599.00 0.046 0.55 6.1 12.92 0.047 ]0.56 4.3 
East Branch 
124 mi. North of St. Joseph, Sept. 25, 1928/50 18.86 0.057 0.60 6.8 -3.08 0.069 ]0.72 5.5 


Little Vermilion River 
Champaign-Vernilion Co. line 
6 mi. South of Homer, Aug. 2, 1928 42 18.62 0.060 


























These differences in spine and ray numbers are evidently hereditary 
and not direct effects of the environment, inasmuch as greater differences 
are found between isolated populations of Johnny darters in adjacent 
and very similar streams in Champaign County, which are separated 
by 1,200 or 1,500 miles of water, than are found between Rock River 
and Sangamon River populations of Johnny darters, which inhabit very 
different streams but are separated by shorter water distances. Similarly, 
by a study of collections of fantail darters from northern, central, and 
southern Illinois, it has been found that those of some streams all have 


7 dorsal spines and those of other streams all have 8 dorsal spines in 
each of these regions. 
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Examples of geographical differences in other characteristics than 
number of spines or rays have also been found. The silver-mouthed 
minnows in a certain tributary of the Embarrass River have no otoliths, 
and neither do the pirate-perch in a certain tributary of the Sangamon. 
The orange-spotted sunfish of the Sangamon Basin has a much deeper 
body and a steeper profile than is true of this species in the Salt Fork 
Basin. The sand darter in some streams is quite naked of scales. In 
some streams it has a moniliform lateral-band, in others it has a row of 
round dots, and in still others it is without lateral marking. 

Geographical differences are to be found not only among fishes but 
also among others strictly aquatic animals which can move from place 
to place only in water. It has been my opportunity during the past 
several years to make extensive collections of aquatic animal life in 
various parts of Illinois, particularly the Rock and Illinois River Basins. 
As I have worked over these collections with my colleague, Mr. R. E. 
Richardson, I have been impressed by the fact that as long as we are 
dealing with collections from one stream or area in which there is pre- 
sumably free interbreeding within all parts of the population of each 
species, there is apparently no difficulty in sorting out the different 
animals into what we are pleased to call species; but that when we 
attempt to match up our so-called species in one area with those of an 
area in another river basin, there arise cases in which we can discern 
no strict identity, so that our concept of a species difference loses its 
definiteness. 
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THE PRESENT CONDITION OF THE 
ORNITHOLOGICAL COLLECTION IN THE 
ILLINOIS STATE MUSEUM 
LY 
BARBARA TRACY 


State Museum, Springfield. 


The ornithological collection in the Tllinois State Museum fills 
almost half of the main exhibition hall and is composed of more than 
1,250 birds. Five double cases house the 524 Illinois birds on exhibi- 
tion. Four more contain the birds of the United States, in some few 
instances duplicating the birds of Tllinois. The wall cases on the sides 
contain 323 beautiful and much-admired foreign specimens. Perhaps a 
hundred other duplicates are in storage. 

Since the Illinois State Museum serves primarily the residents of 
the State of Tilinois, the cases of Illinois birds have been given the 
most prominent place in the hall, and Dr. A. R. Crook, the Curator, is 
especially anxious to make this part of the ornithological collection 
complete. The plan is to exhibit the male and female of each species, 
in the plumage of both seasons in instances where there is a change. 

The common birds, resident and migrant, the rare visitors, and the 
accidental stragglers are all to be classed, for our purpose, as Illinois 
Birds. The reference list which we are using is the Check List of Birds of 
I/linois, compiled by Benjamin T. Gault and published by the Illinois 
Audubon Society. This list is used because it is so comprehensive and 
gives reference to many of the rarities omitted from most other lists. 
When questions arise about placing any bird not on this list, at least 
five authorities in the state are consulted as to its presence in Illinois. 
Gault names 391 birds of Illinois. Of these, the museum now 
exhibits 355. Of the remaining 36 which we do not have, all but nine 
have been located and are being ordered from various collectors. Most 
of these missing specimens are of rare or accidental occurrence in the 
state. 

The museum also exhibits as many as possible of the nests of the 
birds, each with the typical number of eggs. Such an exhibition of eggs 


has its disadvantage in that the delicate colors fade under the constant 
exposure to the light. The interest aroused in the general public, how- 
ever, makes it worth the necessary sacrifice of tint. Because of this loss 
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of color, it is our desire to obtain a complete study collection of birds’ 
eggs arranged in cabinets with shallow, sliding drawers and glass tops. 
Such a collection could be preserved in the original coloration for the 
benefit of the oological students. Dr. Crook soon hopes to add materi- 
ally to the egg collection. 

The ornithological collection is all clearly and neatly labelled, with 
the common name, the museum accession number and the A. O. U. 
number. We are now going over the exhibit and adding to each card the 
sex and the season of the plumage. We are also adding to each case a 
printed legend telling a few facts about each order of birds, facts which 
will hold the interest of the general public. 

Besides the thousands of casual observers of the bird cases, we have 
had many groups who have cared to study the birds in detail. Boy 
Scouts for several vears have been given their bird study tests in the 
museum and have supplemented their field work with a study of the 
birds in the cases. Grammar school, high school, and college classes have 
made the collection the object of special observation as well as Girl Re- 
serve Groups, a local women’s club, and many enthusiastic individuals 
who were participants, during the winter, in a bird identification 
contest. 

With the enlarging of the museum staff in the last vear, it has been 
possible to increase the amount of educational work in the biological 
field, which has chiefly centered about the birds. The groups of in- 
dividuals just mentioned served as a nucleus for a beginning in this 
work. Talks on bird migrations have been delivered to school assemblies 
and groups in the museum. The museum is cooperating with the 
Springfield Junior College by illustrating with the birds as examples 
the various biological theories mentioned in the classroom. We hope to 
build up this educational service, enlarging it gradually as the demand 
and popularity of the work increase. 

Thus, the Illinois State Museum is within sight of one goal set for 
itself, that of having a complete and well-labelled collection of Illinois 
birds. And it is now beginning the second phase of its ornithological 
work, one which may reach to an ever-increasing extent—its educational 
program. 
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A COMPARATIVE STUDY OF CERTAIN SPECIES OF 
FAIRY SHRIMPS BELONGING TO THE 
GENUS EUBRANCHIPUS* 

BY 


Hartey J. VAN CLEAVE 


University of Illinois, Urbana 
AND 


SISTER STELLA Marta Hogan 


St. Xavier College, Chicago. 


Three years ago the senior author presented a paper before this 
academy (Van Cleave, 1928) listing new records of fairy shrimps for 
the State of Illinois. This earlier contribution included photographs of 
the heads of four species of the genus Eubranchipus but did not give 
consideration to other characters available for the separation of the 
species. The clasping antennae and the frontal appendages of the males 
have been very generally used by investigators for differentiating species 
in this genus to the exclusion of other significant characters. The junior 
author has carried on an investigation to determine if characters other 
than those provided by the claspers and frontal appendages of the male 
may serve for the diagnosis of species within this genus. The results of 
this investigation, together with notes and observations by the senior 
author, form the basis for this paper. 

Creaser (1930) has published results of a study on the genus 
Eubranchipus, in which he supports the finding of the senior author re- 
ducing Eubranchipus dadayi Pearse to a synonym of E. serratus Forbes. 
Creaser further maintains that FE. gelidus (Hay) is a synonym of 
E. bundyi Forbes. After a careful consideration of the evidence, and 
comparison of specimens with Forbes’ description, the present writers 
are convinced of the validity of this claim, and recognize FE. bundyi 
Forbes as the valid name for the species frequently referred to in the 
literature as FE. gelidus (Hay). Thus both of the species of Eubranch- 
ipus described by Forbes in 1876 have for a time been submerged as 
synonyms by later writers but have been reéstablished as valid by recent 
investigators. 


ee from the Zoological Laboratory of the University of Illinois, 
No. 391. 
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The copulatory organs of the males have been given but little at- 
tention by previous writers on this genus. Pearse (1918:668) chose as 
a key character, diagnostic for the genus Eubranchipus, “terminal seg- 
ment of copulatory organ smooth” in the male. Creaser (1930:2) cor- 
roborates this belief by the statement: “The apical segment of the 
penis, a cleft organ in this genus, is superficially smooth and elongate 
and apparently capable of protrusion and retraction.” Four species of 
the genus Eubranchipus have been examined by the present writers, but 
no male has been found possessing copulatory cirri that could be cor- 
rectly described as smooth. Figures 1 to 3 show the copulatory ap- 
pendages of the males of three common species, and as characteristic 
organs of these three species demonstrate the value of copulatory organs 
in providing specifically diagnostic characters. The species here figured 
are EL. serratus, E. bundyi, and E. vernalis. These comprise all of the 
members of this genus listed for the State of Illinois by Creaser (1930 :5) 
in his analysis of distribution of the species of Eubranchipus. However, 
extensive collections from the State of Illinois, made over a long period 
of years have been studied by the writers and have failed to give evi- 
dence of the presence of EF. bundyi in this state. In a letter, Creaser 
has indicated that his record from Illinois is in error, for the specimens 
were from Indiana. 

For details of spination illustrating the inadequacy of “smooth” as 
a term to describe these intromittent spines, one spine of each species is 
shown much enlarged in Figures 4 to 6. The spines on the cirri are 
restricted to the outer edge where they are easily recognizable even 
under low power of the microscope. Though microspines are found on 
cirri of young males, they are not so numerous or so fully formed as in 
older males. In mature individuals they form two fairly well defined 
rows, though this is least marked in FZ. bundyi, for here the microspines 
are small, blunt, and rather irregularly arranged. On the cirri of 
E. serratus and of E. vernalis, the microspines are acutely pointed teeth 
arranged in two fairly distinct rows. In £. serratus, the teeth of one 
row are frequently smaller than those of the other. In EF. vernalis, the 
two rows of teeth are essentially equal, and between them occurs a dis- 
tinct furrow, prominent enough to render each cirrus V_ shaped in 
cross-section. Though the intromittent spines are specifically character- 
istic in form and the type of microspination is distinctive for each 
species, there is no fixed number of the microspines on each cirrus. In 
fact, the authors have examined several males in which there is con- 
spicuous asymmetry in the details of number and arrangement of the 
microspines on the two cirri of the same individual. 
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The basal fleshy regions of the male organs are as specifically dis- 
tinctive as are the spines. However, these soft, fleshy regions are sub- 
ject to alterations due to state of contraction and are, hence, not so 
readily usable for description. The median cleft between the members 
of the paired copulatory organs also furnishes specific characters as 
shown in Figures 1 to 3. This region of the cleft is similar in 
EF. serratus and E. vernalis, while in E. bundyi several rounded pro- 
tuberances replace the single pair characteristic of the other two species ; 
furthermore, the spines covering the protuberances bordering the cleft 
are heavier and more numerous in £. bundyi than in E£. serratus and 
E. vernalis. 











PLATE I 


Figs. 1-3. Male genitalia of three species of Eubranchipus, drawn to same 
scale: 1, Eubranchipus serratus; 2, E. vernalis; 3, E. bundyi. 
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The frontal appendage and the claspers, or modified antennae, of 
the males have furnished characters most frequently cited in differen- 
tiating species. In a preliminary study of these structures, the authors 
became impressed by the variability in some species correlated with size 
differences. 

At least in EF. serratus, there is a very definite progressive change in 
appearance of the frontal appendage, as shown in Figures 11 and 12 
from a large and a small individual, respectively, drawn to the same 
magnification. The fimbriations of the margins so high characteristic 
of the mature males of this species are but weakly developed in the 
young. In general form, size, and appearance, the frontal appendage 
of a young £. serratus (Figure 12) resembles that of a mature 
E. vernalis (Figure 13). Hence, in using the frontal appendage as a 
means of differentiating species, only observations on mature males have 
any validity. 

In the examination of the heads of specimens of Eubranchipus for 
specific identification, the clasping antennae and frontal appendages are 
always observed in their relationships to each other. For this reason an 
outline drawing showing the clasper and the frontal appendage of the 
same side is presented for each of the three species here considered. 
(Figures 15, 16, 17). 

The ovisacs of the females provide characters for specific differen- 
tiation which have received but little attention. In Figures 7, 8, and 9 
the ovisacs and adjacent somites of thorax and abdomen are shown. 
In each of the three species, the ovisac is trilobed, but the lateral lobes 
are much more conspicuous and long in £. serratus than in the other 
species. In each instance, the central lobe is the largest. On the basis 
of its shape alone, the ovisaec of E. serratus (Figure 7) can be distin- 
guished from £. vernalis and E. bundyi. But the ovisacs of the two 
species last named are so much alike that other characteristics, such as 
the dorso-lateral pouches mentioned in the next paragraph and shown 
in Figures 9 and 10, are needed for positive differentiation of the 
females of these two species. 

The female of £. bundyi bears a pair of posteriorly-direeted dorso- 
lateral pouches from the ninth and from the ten somites, extending 
backward to the twelfth segment. The trunk appendages frequently 
obscure these characteristic structures, which are wholly lacking in 
E. serratus and in the specimens of E. vernalis which have been studied. 
Because of their significant value in diagnosis of females of E. bundyi, 
these appendages have been shown in both lateral and dorsal aspects 
(Figures 9 and 10). 
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PLATE II 
Figs. 4-6. Single copulatory spicules at uniform magnification from the 
cirri of three species of Eubranchipus: 4, E. serratus; 5, E. vernalis; 


6, E. bundyi. 


Fies. 7-9. 


Genital region in lateral view showing ovisacs of females in re- 


lation to abdominal and thoracic segments, all to same scale: 7, £. 
serratus; 8, E. vernalis; 9, E. bundyi. 


Fig. 10. 





Genital region of female of E. bundyi in dorsal view. 
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Single frontal appendages: 11, mature male of E. serratus; 
12, immature male of same species drawn to same magnification; 13, 


E. vernalis; 14, E. bundyi. 


Relationship of clasping antennae and frontal appendages of 


males of Eubranchipus: 15, EZ. serratus; 16, E. vernalis; 17, E. bundyi. 
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Record is here made of a new locality for E. vernalis in Illinois, 
Mr. 8. I. Neave has collected specimens of FE. vernalis in the ponds of 
the strip-mine area of Vermilion County. All previous records of this 
species in Illinois have been confined to the southern part of the state. 
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PAPERS IN PHYSICS AND CHEMISTRY 


Extract FRoM THE REPORT OF THE SECTION CHAIRMAN 


All of the papers herewith published were presented at the meeting 
of the Physics and Chemistry Section except the following, which was 
read by title: “Reactions of Boron Trichloride,” by L. L. Quill, Uni- 
versity of Illinois. 

By actual count, the attendance at the section meeting was found 
to be 84. 

Dr. James H. Ransome of James Millikin University, Decatur, was 
elected chairman of the section for the coming year. 


WituiamM F. Scuuuz, Chairman. 
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A METHOD FOR THE ESTIMATION OF ARSENIC AS 
ARSINE IN A GASEOUS MIXTURE 
BY 
H. W. Apams, F. A. DoyvEt, anp W. T. Maas 


Illinois State Normal University, Normal. 


In the laboratory production of hydrogen by the interaction of com- 
mercial zine and sulfuric acid, the arsenic present as impurity in these 
reagents gives rise to arsine. Since arsine is very poisonous, the question 
arises whether the production of hydrogen during this interaction, as 
carried out by elementary students of chemistry, may produce dangerous 
quantities of the poisonous constituent. To undertake a solution of 
this question requires a method for the quantitative estimation of 
arsenic as arsine in a gaseous mixture. 

It was the plan at the outset of the investigation to prepare an 
artificial atmosphere of known arsine content and devise a method to 
reclaim an equivalent of the arsenic used in the beginning of the ex- 
periment. 

By computation it can be shown that 6.50 ce. of .002N arsenite 
solution will prepare an atmosphere of 10 ppm of arsine in a “blanked” 
five-gallon bottle, whose exact volume in 18,812 ce. 

To begin the first experiment, an atmosphere containing 10 ppm of 
arsine was produced in the “blanked-active” bottle by suspending in it 
an 8-inch test tube containing 6.50 cc. of .002N arsenite solution, 30 
ee. of arsenic free 4N sulfuric acid, 15 grams of arsenic free zinc, and 
4 drops of arsenic free 0.1N copper sulfate. 

The reactions that occurred were as follows: first, hydrogen was 
liberated by zine replacement, copper sulfate serving as a catalyst; 
second, the nascent hydrogen reduced the arsenic of the arsenite solu- 
tion to form arsine. 

When the liberation of hydrogen and arsine from the 8-inch test 
tube had ceased, after about 30 minutes or longer, it was removed and 
the Gutzeit test used to assure the complete evolution of all arsenic of 
the arsenite solution. The next problem was to obtain the reduction of 
a sufficient amount of iodin by arsine, as equal to the iodin equivalent 
of 6.50 cc. of the .002N arsenite solution. 

The procedure was to use 500 cc. of starch solution containing 20 
ce. of .002N iodin solution added from a burette and introduce one-half 
of the resulting mixture into the active bottle from a titrating bottle 
by the glass and rubber tubing. A vigorous and continuous shaking 
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of the large bottle followed to mix the liquid with the air in the bottle. 
As desired, the tint of blue of the starch-iodin solution gradually faded 
as the iodin was reduced by the arsine. 

Since light reduces iodin and to prevent inaccuracy from that 
source, a control five-gallon bottle, containing the other one-half of the 
500 cc. of the starch-iodin solution was given an equal amount of shak- 
ing and exposure to diffused light. 

As soon as the reduction of the iodin in the active bottle had 
ceased, the starch-iodin solutions of each bottle were returned to the 
small “titrating” bottles. Standard iodin solution was added to the 
liquid from the active bottle until its tint matched that from the con- 


ee 


























Starch - [odin 
a Solution 





trol. The volume of .002N iodin solution required for this purpose 
served as a measure of the arsine recovered. 

Then by computation the actual amount of iodin reduced by arsine 
as compared to the iodin equivalent of 6.5 ec. of .002N arsenite solution 
was found to yield an error of .94% on the first experiment, 2.15% on 
the second experiment, and .34% on the third experiment, making an 
average error of 1.14%. 

Thus in conclusion, the investigation and results that have been re- 
lated show that arsenic present as arsine to the extent of 10 p.p.m. in 
a gaseous mixture may be determined quantitatively with the maximum 
error of approximately 2% by the well-known iodometric methods of 
titration. 
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A CLASSIFICATION OF COMPOUNDS OF HYDROGEN 
AND NITROGEN 
BY 


L. F. AupDRIETH 


University of Illinois, Urbana. 


Most elements form hydrides, but in only a few instances is the 
capability of forming more than one hydride very definitely expressed. 
The existence of a series of hydrides of one and the same element has 
been ascribed to the power of self-linkage which these possess. This prop- 
erty is most highly accentuated in the case of carbon and accounts for 
the multiplicity of carbon compounds and the extensiveness of organic 
chemistry. 

As might be expected, this characteristic is also exhibited by several 
of the other elements of the fourth group—however, to a diminishing 
degree as the atomic weights of the elements increase. The silanes, ger- 
manes, and stannanes give evidence of this fact. Elements in the neigh- 
boring groups likewise exhibit self-linkage and attention is called to the 
boranes of which a large number have been prepared by Stock and his 
co-workers. To the right of carbon we find that phosphorus and nitrogen 
and to a lesser extent oxygen and sulfur manifest self-linkage and form 
series of hydrides, or compounds which are derivatives of such hydrides. 

Closely related to the hydrides are their alkyl and aryl substitution 
products, which are considerably more stable than the former. In many 
eases the hydrides are unknown, but their substitution products are well- 
defined and characterized. 

In the number and variety of such derivatives the element nitrogen 
ranks next to carbon. Since many of the nitrogen compounds are ones 
in which substitution of alkyl and aryl groups for the hydrogen atoms 
has taken place, they have been and still are considered as organic com- 
pounds. Yet, when considered from the point of view of the parent sub- 
stances, the hydronitrogens, a classification is possible which the chem- 
istry of organic nitrogen compounds has heretofore lacked. Furthermore, 
it becomes possible to simplify the chemistry of these substances by a 


consideration of type reactions—these having been obscured largely be- 
cause the chemistry of the attached carbon radicals has been regarded as 
of paramount importance. 
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The hydronitrogens are those compounds known either in the free 
state or in the form of their derivatives, which are related to nitrogen 
chemistry as the hydrocarbons are to organic chemistry. As in the case 
of the hydrocarbons, various groups or homologous series may be formu- 
lated possessing given type formulae, which depend upon the degree of 
saturation or the presence of double and triple bonds. 

The simplest of all nitrogen hydrides, the methane anolog of nitro- 
gen, is ammonia. It forms the first member of the saturated series of 
hydronitrogens whose type formula is NnHn+2. The two lower mem- 
hers of this series are known in the free state, the others only in the form 
of their organic derivatives. The saturated series is given in Table I. 


TABLE I 
SATURATED HYDRONITROGENS 








Type formula N H 





n n+2 
NH; ammonia NH: 
N:H, hydrazine (diamide) H:N-NH: 
N:H; triazane (prozane) rae Hiaiaae 
H 
¥ 
N,sHe tetrazane (buzane, hydrotetrazone) H:N—N-N-NH: 


H 








Unlike the methane series, the individual members of the saturated 
series of hydronitrogens differ very decidedly from one another. Liquid 
ammonia as a parent solvent has been investigated quite thoroughly by 
many workers, in particular by Kraus, Franklin, Cady, and others. It 
has been shown to be an excellent ionizing solvent, and reactions take 
place in it with a facility which is surprising. Its character as a basic 
solvent by virtue of its affinity for the proton has permitted the investi- 


gat and characterisation of many substances as acids which do not 
bel as such in acidic solvents. Its affinity, not only for the proton, 


but also for metallic ions, has given rise to many association compounds, 
chief among which are the ammonium salts and metal amines. Indeed, 
the study of nitrogen compounds, particularly the hydronitrogens, 
should be carried out in liquid ammonia in preference to all other 
solvents. 

Hydrazine, first isolated by Curtius, resembles ammonia in that it 
also acts as a parent solvent in the anhydrous state. Like ammonia, it 
forms a series of solvates and association compounds. It is a less basic 
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compound than ammonia. Its character as a reducing agent is accentu- 
ated to a marked degree over ammonia. It is the organic substitution 
products of hydrazine which have made the study of its derivatives so 
extensive. Oxidation of certain hydrazines gives rise to higher hydro- 
nitrogens which will be discussed subsequently. 

The triazanes are a group of compounds, few in number and appar- 
ently ill-defined. They may be prepared by the reduction of triazenes, 
They are very unstable and undergo rapid decomposition to give a 
variety of products. 

The tetrazanes form a larger and more interesting group. They are 
readily obtainable by the oxidation of tri-substituted hydrazines, as shown 
in equation 1, below. Certain of the tetrazanes, such as hexaphenyl- 


R R 
‘ ' 
2ReN-NH+0 ob ReN-N -¥-NRgtH,0 (1) 
R 


[(cots aN-NCoHs |e —p» 2)/CeHss N-N oCoH (2) 
Cog” 


tetrazane, exhibit the phenomenon of dissociation to form free nitrogen 
radicals (equation 2). This behaviour is simply an expression of the 
reluctance of nitrogen to form long chains, and there is exhibited by 
many of the tetrazanes a tendency towards stabilization by dissociation. 

Hydroxylation of the lower members of the saturated series leads to 
a number of rather interesting derivatives. Thus, successive hydroxyla- 
tion of ammonia gives hydroxylamine, dihydroxylamine and nitrous acid. 


NH, —> NH(CH)p —»N(OH)-; 
NOH 102 
2NeQe 


Hydroxylamine resembles both ammonia and hydrazine in its re- 
actions and properties. It also constitutes the parent substance of a 
series of acids, bases, and salts and exhibits a pronounced affinity for the 


TABLE II 
HYDROXYLAMINE SYSTEM 








Parent solvent Alcohol Aldehyde Ketone Acid 

H:0 ROH RCHO R:CO RCOOH 
NH; RNHOH RCHNH R:.CNH RCONH: 
NH:0H RNHOH: RCHNOH R:CNOH RCONHOH 


NH:NH: RNHNH: RCH:NNH:  R:C:NNH: RCONHNH: 
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proton and may thus be classed as a basic solvent. That it resembles 
hydrazine also becomes evident from a consideration of analogous organic 
compounds, as presented in Table II. It is merely suggested here that 
certain type reactions be considered from the above point of view—and 
not as characteristic of the attached organic group—for instance, that 
ketimines are ammono-ketones, that ketoximes are hydroxylamino- 
ketones, ete. 

Dihydroxylamine is a hypothetical intermediate reduction product 
of nitric acid, and is so unstable that it has never been isolated. Its 
dehydration product, nitroxyl, polymerizes rapidly to form hyponitrous 
acid. That it does exist for a very short time is indicated by the fact 
that it combines, at the moment of formation, with aldehydes to form 
hydroxamic acids and with nitroso compounds to give nitrosohydroxyla- 
mine (equation 3). Its formation in the oxidation of hydroxylamine 
has been postulated to account for the variegated character of the re- 
action products (equation 4). 


NOH + RCHO = RC(OH) N OH (3) 

NOH + C.H;NO = C.H;N(NO)OH (3) 

NH:OH + O = NOH + H:O (4) 
TABLE III 


UNSATURATED HYDRONITROGENS 





Type Formula N H 





no81 
N;H; triazene (diazoamine) HN=N-NH: 
N.Hy tetrazene (tetrazone) H:N—N—N-NH: 
isotetrazene (diazohydrazine, buzylene) HN=—N-NH-NH: 
ammonium azide NHN; 
N;Hs hydrazine azide N,H;Ns 





Type Formula NH 











n n-2 
N;H hydrogen azide, hydrazoic acid, azoimide, 
hydronitrie acid, triazoic acid HN=—N+N 
N,H:? diiminohydrazine HN=—N-N=—NH 
N;H; bisdiazoamine HN—N-N-N=NH 
| 
H 
Type Formula N H 
n n-4 


” 


NsH, octazotriene (octazone) HN=—N-N-N=N-N-N=NH 
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The members of the NnHn series are all characterized by the pres- 
ence of a double bond. The simplest member of this series is diimide, 
the parent substance of the large group of azo compounds. Many at- 
tempts have been made to prepare the ethylene anolog of the hydronitro- 
gens, but those reactions which were expected to lead to its isolation 
invariably gave equimolecular mixtures of hydrogen and nitrogen. Azo 
compounds are obtained by the oxidation of hydrazine derivatives. It is 
thought that the oxidation of hydrazine goes by way of diimide, even 
though definite proof of this mechanism is precluded. Hydroxydiimide, 
HON :NH, a hypothetical intermediate in the decomposition of am- 
monium nitrite, may be regarded as the parent substance of the large 
group of diazo compounds. Where the formation of alkyl derivatives of 
hydroxydiimide is involved stabilization is effected by the splitting off 
of water to give such compounds as diazomethane, which may possess 
either the cyclic or the chain structure (5). It is interesting to note in 


CH3N=NOH ——» CHe:N:N or HeC< t (5) 


RN:He+O:NOH —» RN=NOH (6) 


this connection that the formation of aryl diazo compounds by the action 
of an amine upon nitrous acid is equivalent to ammonolysis, more strictly 
an “amidolysis,” of nitrous acid (6). 

Triazene, the parent substance of the diazoamino compounds, has 
been obtained in aqueous solution by the reduction of ammonium azide 
at low temperatures, employing zinc and ammonium chloride. It may be 
regarded as a deammonation product of ortho-ammono-nitrous acid 
(theoretically an isomer of tetrazane). Actually, the diazoamino com- 
pounds are obtained by the action of aryl amines in excess upon nitrous 
acid or diazo compounds. These reactions are therefore solvolytic in 
nature and involve the complete replacement in nitrous acid of the last 
vestiges of the water system (7). The mono-substituted triazenes, which 


RN jie+0:N:OH+H:NHR — +» RN=N-NHR (7) 


RNs =. RN=N.NHe (8) 
RN=N :0H+H: NOH —> RN=N-NZ “4 (9) 
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are considerably less stable, are prepared by the reduction of the corre- 
sponding azides (8). Hydroxytriazenes are obtainable by the action of 
hydroxylamine upon diazo compounds (9). 

Three compounds may be formulated which possess the empirical 
composition N,H,. One of these, ammonium azide, is a white crystalline 
solid, very explosive, which is interesting in view of the fact that on 
thermal decomposition it yields the largest volume of gas per unit weight 
of any known substance. The other two compounds, tetrazene and iso- 
tetrazene, are known only in the form of their organic derivatives. 

The tetrazenes are obtainable by the oxidation of asymetrical disub- 
stituted hydrazines (10). They undergo pyrolysis in various organic 
solvents with the evolution of nitrogen and the formation of tetrasub- 
stituted hydrazines (11). The isotetrazenes result from the condensation 


20 
2ReN.NHe ——> ReN.N=N.NReg (10) 
+A ——» ReN-NRe+Np (11) 
—-y_ywo H ‘ 
RN=N-NC nen —? RNs *RlHg (12) 
R 


of diazo compounds with mono- and di- substituted hydrazines. Unlike 
the tetrazenes, they decompose upon heating to yield amines and 
azides (12). 

The simplest member of this series, hydrazoic acid, HN,, was first 
isolated by Curtius and has been the subject of considerable investiga- 
tion since then. The free acid is extremely explosive and very toxic. Its 
salts, in particular the heavy metal compounds, are very explosive and 
have found some application as detonators in priming caps. The alkali 
and alkaline earth azides decompose upon heating to give the free metals 
and nitrogen. This reaction has been employed in the preparation of 
metallic radium. The N,- radical has been termed a “halogenoid” group, 
since it exhibits halogen-like properties in the formation of such com- 
pounds as cyanazide, CNN,, chlorazide, C1N,, ete. 

The alkali and alkaline earth azides condense with carbon disulfide 
to give azidodithiocarbonates, salts of azidodithiocarbonic acid, HSCSN,. 
(13) These salts simulate the azides in their explosive properties. Oxi- 

HN; + CS: = HSCSNs (13) 


dation of azidodithiocarbonates results in the formation of an extremely 
unstable disulfide, azidocarbondisulfide, (SCSN,),, which is likewise 
halogenoid in its properties and closely related to the thiuram-disul- 
fides. (14) 


2 HSCSN; + I: = 2 HI + (SCSNs): (14) 
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Most methods for preparing hydrazoic acid or its substitution prod- 
ucts involve the action of nitrous acid or one of its derivatives upon 
hydrazine or substituted hydrazines. This fact has caused Browne to 
regard it as a hydrazo-nitrous acid, obtainable by the solvolytic action 
of hydrazine upon nitrous acid. (15) Franklin, however, has pointed 
out that hydrazoic acid is a strong delectronator and may be regarded as 
a deammonation product of ortho-ammono-nitric acid. (16) 


N(NH:)s = HN; + 3 NH; (16) 


That such a postulation is in accord with the facts is evidenced by 
the solubility of the noble metals in a mixture of hydrochloric and hy- 
drazoic acids and by the nitridizing action of potassium azide in the 
conversion of potassium cyanide, an ammono-carbonite, to potassium 
cyanamide, an ammono-carbonate. (17) Its preparation by the action 


KN; + KNC = KNCNK + N: (17) 


of fused sodium amide upon sodium nitrate is further support in favor 
of this postulation. 

The multiplicity of the reactions of organic azides makes their study 
an extremely interesting one. Condensation with hydrogen cyanide, 
nitriles and cyanogen halides leads to the formation of tetrazole deriva- 
tives. (18) Reduction offers the only satisfactory method for preparing 
mono-substituted triazenes. (8) The transitory existence of the azide 
residue during the pyrolysis of various azides has been shown to take 
place. (19) 


RCN+HN, —» Regt k (18) 
H’ 

=-N- 

SOg(Ns)p — > siete, (19) 


= 


No derivatives of diiminohydrazine have, as yet, been isolated. The 
bisdiazoamino compounds are well known and easily obtainable by the 
interaction of diazo compounds in excess with ammonia and amines. The 
bisdiazohydrazines, N,H,, are not known. 

The ocazotrienes may be obtained by the gentle oxidation of 1, 
2-substituted isotetrazenes. The resulting compounds form the longest 
nitrogen chains. They are very unstable and decompose readily to give 
triazene derivatives and nitrogen. 
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SUMMARY 


1. Homologous series of hydronitrogens exist. A consideration of 
organic nitrogen compounds as derivatives of these would do much to 
clarify our knowledge concerning them. 

2. Nitrogen exhibits self-linkage to a remarkable degree, but not 
to the extent of carbon. The hydrocarbons are stable, whereas most of 
the hydronitrogens are so unstable that they can not be obtained in the 
free state. Even their organic substitution products undergo ready de- 
composition. Experimental evidence thus far accumulated indicates that 
chains of more than eight nitrogen atoms are probably non-existent. 

3. Individual members of homologous series of hydronitrogens 
show no great similarity, but rather a decided diversity in properties. 
Here again do they differ from homologous series of hydrocarbons. They 
are very much more reactive and undergo oxidation, reduction and chem- 
ical change very readily. 

4. It is suggested that a study of the hydronitrogens in liquid 
ammonia as the parent solvent is not only most logical, but very feasible 
and one which should yield interesting results. 
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THE ELECTRODEPOSITION OF METALS FROM 
SOLUTIONS OF THEIR SALTS IN 
NON-AQUEOUS SOLVENTS 
BY 
L. F. Auprietu, L. F. Ynrema, anp H. W. NEtson 


University of Illinois, Urbana. 


One of the most outstanding developments in the last quarter- 
century of chemistry involves the study of non-aqueous solvents and 
solutions. The researches of Walden,’ who investigated the conductivi- 
ties of various salts in a great variety of solvents, and those of Franklin 
and Kraus in their epochal work with liquid ammonia as the parent 
substance of a system of acids, bases, and salts, have resulted in tre- 
mendous advances in every phase of chemistry. 

Ionizing solvents have been found to vary considerably in their 
behavior, so that the older classification on the basis of their dielectric 
constants has been found to be inadequate. In an effort to explain such 
apparent anomalies, as the strength of acids and salt formation in vari- 
ous solvents, Hantzsch, Bronsted, and more recently Conant and Hall,? 
have attempted to account for them on the basis of their affinity for the 
proton or the hydrogen ion. Accordingly, ammonia is a basic solvent 
because of its decided tendency to associate with the hydrogen ion to 
form the ammonium ion. Decreasingly less marked is this tendency in 
the cases of hydrazine, hydroxylamine, water, and acetic acid. Acetic 
acid has therefore been designated as an acidic solvent, since it exhibits 
but little tendency to form the acetonium, HC,H,0,H", ion in solution. 

A base has been defined as a group or radical which may associate 
with the hydrogen ion (proton). The formation of the “onium” ion is 
thus characteristic of a base. Salt formation may be regarded as involv- 
ing competition for the proton on the part of the anion of the acid, X, 
the anhydro-base, B, and the solvent molecule, S. 


X+H'=HX (1) 
B+H'=BH* (2) 
S+H'=SH* (3) 


The third equilibrium is shifted very decidedly to the right since it is 


1 Walden, Salts, Acids and Bases, McGraw-Hill (1929). 
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hard to conceive of the proton in the unsolvated state. The following 
equation accordingly represents salt formation in the association of the 
proton with the base B. 


SH'+ B=BH*+S 


“Thus, a weak base will form salts only in those solvents whose affinity 
for the proton is less than that of B itself. Salt formation can take 
place only with an acid whose anion, X, will release the proton to B. 
The formation of a salt from an anhydro base is the reverse of the dis- 
sociation of an acid.”* Consequently, ammonium salts act as acids in 
liquid ammonia, whereas acetamide may be titrated as a base in glacial 
acetie acid solution. 

The question arises as to the behaviour of solutions of metallic salts 
in various solvents upon electrolysis. Heretofore, aqueous solutions have 
been employed almost exclusively for the electrodeposition of metals. 
The use of non-aqueous solvents, such as ethyl bromide in plating. out 
aluminum and pyridine in the deposition of magnesium, has indicated 
that further investigation along this line would serve to add to our 
knowledge concerning solvent chemistry and possibly lead to the electro- 
deposition of metals which cannot be obtained from water solutions. 

Accordingly, preliminary experiments were carried out in four 
solvents of varying degree of basicity ranging from liquid ammonia to 
acetic acid and including acetamide and formamide, which occupy posi- 
tions in the solvent scale between water and ammonia. 


ELECTRODEPOSITION OF METALS FROM LiIguip AMMONIA 


In Table I are given the results of typical runs in liquid ammonia. 
Unless otherwise noted, 50 ce. of solutions saturated with the respective 
salts at the boiling point of liquid ammonia were employed. The electro- 
lytic cell consisted of a platinum anode of 2.5em.? surface and copper 
cathodes of varying size. An iron cathode was employed in those experi- 
ments involving the electrodeposition of copper. A 110 D.C. circuit 
with a lamp bank for variable resistance was employed. 

Electrolysis, of solutions of the alkali metal salts brings about dis- 
charge of the free metal with formation of the characteristic blue solu- 
tion around the cathode. 

Attempts to plate out aluminum, magnesium, beryllium, and iron 
gave negative results. 


2 Conant and Hall, J. Am. Chem. Soc. 49; 3047, 3062 (1927). 
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ELECTRODEPOSITION FROM ACETAMIDE SOLUTIONS 


Ten grams of acetamide and amount of salt to make the solution 
approximately molar were used in each experiment. All runs were car- 
ried out at 100°C. The average run was about two minutes in duration. 
The results are noted in Table II. 











TABLE I 
ELECTRODEPOSITION OF METALS FROM LIQUID AMMONIA 
(v.s. = very soluble; m.s. = moderately soluble; s.s—slightly soluble) 
Concentration | Current 
gms. per . »., | density 
Salt used 50 ec. of Solubility amps per Character of deposit 
solvent | cem.? 
| 
CuCl, Saturated $8.8. 0.025 |Fair. 
CuBr, Saturated m.s. 0.1 Smooth and adherent. 
AgNO; 5 vV.8. 0.015 |Mottled. 
KAu (CN). Saturated m.s. 0.09 |Smooth and adherent. 
Sree Discharge of potassium. 
ZN (NO3;)2.6H.O 5 v.5. 0.06 Smooth and adherent. 
0.55 |Crystalline; formation of 
tree-like growths. 
Zn (CN)- 3 v4. 0.02 |Uneven. 
0.11 Smooth. 
Cdl, Saturated 8.8. 0.04 |Uneven. 
0.14 |Smooth and adherent. 
Cd (CN): Saturated m.s. 0.04 |Smooth deposition. Con- 
0.14 tinued electrolysis caused 
formation of Cd crystals. 
Hgl, Saturated m.s. 0.04 |Hg is discharged. Cu dis- 
0.28 places Hg directly from 
solution. 
TII Saturated m.s. 0.04 (Crystalline and tree-like; 
0.14 mossy. 
TINO; 2 v.8. 0.04 |Dendritic, crystalline. 
0.14 
SnCl, Saturated 4. 0.025 |Excellent deposition.° 
0.04 
SnI, Saturated 8:9: 0.04 |Excellent deposit. Con- 
tinued electrolysis causes 
the deposit to scale off. 
Pb (NOs)2 5 v.8. 0.03 (|Crystalline and uneven. 
0.2 Smooth. Continued elec- 
trolysis results in the 
appearance of crystalline 
growths. 
Co (NO;)2.6H,O Saturated v.8. 0.016 |Smooth and adherent. 
0.045 |Gives a metallic deposit 
which on contact with 
air turn black. (Pos- 
sible formation of an 
active form of cobalt). 




















* Reaction with solvent involving ammonation. 
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In several instances it was observed that the presence of a trace of 
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water influenced the character of the deposit very profoundly. Thus, 
the addition of one cc. of water to a solution of zine cyanide in aceta- 
mide yielded an excellent deposit. 


TABLE II 


ELECTRODEPOSITION OF METALS FROM ACETAMIDE AT 100° 


























Concentration | Current 
g gms. per density , ? 
Salt used 10 tage amps per Type of deposit 
solvent em.? 
Zn (CN)2 0.117 0.05  |Deposit localized. 
Cd (CN). 0.164 0.03 Smooth, adherent. 
SnI, 0.624 0.05 |Smooth, bright. 
(NH,)-Sn Clg *0.368 0.04 (|Smooth, bright, treeing after two 
minutes. 
PbCl, 0.278 0.037 |Spongy, non-adherent. 
Ni (NH;).Br- 0.320 0.03 Good, adherent; higher current den- 
sities give a black powdery deposit. 
Co (NH;)5Cl; . #2 eas No deposit. 
K;Co (CN). a ene ee No deposit. 
NE isis ckcbacccesitecntes 0.02 |Smooth deposit, higher current den- 
sities give a black powdery substance. 
TIC,H;0, 0. 263 0.025 |Some adherent deposit, marked tree- 
ing. 
* Not completely soluble. 
TABLE III 


ELECTRODEPOSITION OF METALS FROM FORMAMIDE AT 100°C 











Concentration | Current 
a . Vv . 
Salt used ge Pes moan Type of deposit 
solvent em.” 
Zn (CN): 0.5 0.03  |Adherent deposit. Continued elec- 
trolysis yielded spongy material. 
Cd (CN), 1.4 0.02 |Smooth, adherent deposit. 
Pb (NOs)2 3.0 0.03 |Non-adherent. 
0.06 (Crystalline. Deposit is not uniform, 
but adheres only in spots. 
Snl, 1.0 0.04 |Smooth, adherent. 
(NH,).SnCk 2.0 0.04 Excellent deposition. 
Co (C,H;02)2.4H,O0 2.0 0.02 Poor deposit. 
0.05 |Better deposition; adherent. 
Ni(C2H302)2 Saturated 0.018 |Fair, adherent deposit. 
Ni (NH; )sBr, 2 0.025 |Good, adherent deposit. 
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ELECTRODEPOSITION FROM FORMAMIDE 


A preliminary study was made by Rohler* who employed the fol- 
lowing salts for the deposition of the respective cations: Pb(NO,),, 
PbCl,, CuSO,, Cu,Cl,, ZnO, ZnCl,, SnCl,. Dissolved oxygen and ex- 
posure of the solutions to air were found to influence the character of 
the deposit necessitating the use of a closed electrolytic vessel. Fifteen ce. 
of formamide was employed in each case. All electrolyses were carried 
out at 100°C. A stirring device was employed to prevent impoverish- 
ment of the solution in the neighborhood of the electrodes. The results 
are summarized in Table III. 


ELECTRODEPOSITION FROM GLACIAL Acetic Actp SOLUTION 


Many of the simple salts were found to be insoluble in glacial acetic 
acid. Curiously enough, however, such compounds as SbCl,, AsCl,, and 
SnCl, were found to be very soluble. The acidic character of glacial 
acetic acid as a solvent seems to exert a beneficial effect in these cases 
since no solvolysis of the dissolved substances takes place. Electrolysis 
of solutions of these substances at room temperatures was found to yield 
excellent deposits, particularly in the case of antimony and arsenic. 
Bright, shiny plates of arsenic and antimony upon copper were easily 
obtainable. These were not very adherent, possibly because of the brittle, 
crystalline nature of the metals themselves. The deposits upon copper 
were found to corrode rapidly indicating a rather porous plate. Further 
work on this problem is being carried out at the present time. 








*Rohler, Z. Elektrochem. 16; 419 (1910). 








am 
era 
dif 
res 
lat 
tig 
co 
ati 
we 
fa 
el 
T 








Papers Presented in the Twenty-third Annual Meeting 307 


ISOMERISM IN INORGANIC CHEMISTRY 
BY 
JoHN C. Barwar, JR. 
University of Illinois, Urbana. 


In 1828 Wohler discovered that urea may be formed by heating 
ammonium cyanate. This discovery marked the beginning of a new 
era in organic chemistry, for it proved that there is no fundamental 
difference between organic and inorganic compounds. It had another 
result, the significance of which was not realized at the time; it stimu- 
lated the study of isomerism and molecular structure. Larlier inves- 
tigators had reported a few cases in which two substances of the same 
composition showed different properties, but these had received scant 
attention. Wohler’s discovery was so striking that every aspect of it 
was subjected to investigation and discussion; one such aspect was the 
fact that the ammonium cyanate and the urea contained the same 
elements in the same proportion, yet they are very different compounds. 
This naturally led to a study of the structure of the two molecules. It 
is interesting to note that this first pair of isomers is composed of one 
inorganic and one organic substance. Many hundreds of cases of isomer- 
ism are known now; most of these are among the carbon compounds, 
and many people have come to consider isomerism as being typical of 
organic chemistry.’ 

There is little basis for this attitude. Indeed, among the inorganic 
substances we may find as many types of isomerism as among the organic 
compounds. Many naturally occurring substances are found in two 
or more forms. In some cases, as with calcite and aragonite, the forms 
seem to differ only in crystalline structure; in others, as with pyrite 
and marcasite, there is a decided difference in chemical properties. 
Pyrite dissolves completely in concentrated nitric acid, but marcasite 
leaves a residue of sulfur. Naturally occurring mercuric sulfide is red; 
that prepared by the reaction of a mercuric salt with hydrogen sulfide 
is black. This is not due to a difference of particle size, for the red 
sulfide retains its color even when very finely powdered. It may be 
changed into the black form only by sublimation. Natural and artificial 
antimony sulfide show a similar difference in color. The cause for 


1See, for instance, Holleman, Text-book of Organic Chemistry, translated by 
Walker, Fifth English Edition, page 3, John Wiley and Sons, 1920. 
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these differences is not known. Many crystalline substances, such as 
quartz, show optical isomerism because of the arrangement of the atoms 
in the crystal lattice. This is shown also by some synthetic chemicals, 
such as sodium chlorate. The optical activity is lost when the material 
is in solution. 

The structure of the complex cobalt ammines and similar com- 
pounds has received much study. ‘These substances furnish examples 
of both structural and geometrical isomerism. However, we shall con- 
fine ourselves here to a discussion of the isomerism of the simpler mole- 
cules. 

Some text-books give the structural formula for sulfurous acid as 
(HO),SO, basing this upon the fact that sulfurous acid is formed by 
hydrolysis of SOCI,. Others write the formula as H(HO)SO,, which 
explains the fact that one of the hydrogen atoms is much more easily 
replaced than the other. Schwicker* upheld the second formula, basing 
his contention upon his claim to have prepared two isomeric potassium 
sodium sulfites, K(NaO)SO, and Na(KO)SO,. Fraps and Remsen’, 
however, were unable to repeat this work. It is probable that sulfurous 
acid exists in two tautomeric forms, (HO),SO = H(HO)S0O,. 

Similarly, phosphorous acid may have two structures, (HO),P and 
H(HO),PO. Phosphorous acid prepared by hydrolysis of the chloride 
shows much greater reducing power when first formed than it does after 
standing for a time. This would indicate that some isomeric or tauto- 
meric change takes place. Perhaps the reaction is 


PCl, — P(OH), — H(HO),PO 
I I 
Compound I, in which the phosphorus atom has a valence of three 
would be expected to be a stronger reducing agent than compound I], 
in which the phosphorus has attained its maximum valence. 

Similarly nitrous, arsenious, cyanic, hydrocyanic, and many other 
acids may each be given two structural formulae. Each of these will 
explain some properties of the substance, but neither of them will ex- 
plain all. This is true also of hydrogen peroxide, to which the formulae 
H-O-O-H and H,—O=0 have been assigned. If we could isolate 
isomeric forms of the acids or of their salts, our knowledge of the 
structure of these molecules might be greatly increased. With this 
hope in view, we have begun a study of the isomerism of some simple 
inorganic molecules. This study has not proceeded far—the results here 
reported are only preliminary. 


2 Schwicker, Ber., 22: 1733 (1899). 
*Fraps and Remsen, Am. Chem. J., 22: 202 (1901). 
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Rathke* has prepared sodium selenosulfate, Na,SSeO,, by boiling 
selenium with sodium sulfite solution. The writer attempted to prepare 
the isomeric sodium thioselenate by boiling sulfur with sodium selenite 
solution. No reaction took place. Selenium does not assume the valence 
of six as easily as does sulfur. But when sodium selenite was heated to 
120° with sulfur in a sealed tube, a reaction did take place. The 
material which was formed is soluble in water, and when acid is added 
to the solution, a precipitate of sulfur is formed. This is just the re- 
action we should expect from sodium thioselenate. The material which 
gave this reaction is present in only a small amount, and so far it has 
not been possible to obtain it in the pure state. 

Another pair of isomers which we are studying consists of thallic 
oxychloride and thallous hypochlorite. We have prepared the oxychloride 
by shaking two equivalent weights of thallic hydroxide with one 
equivalent weight of the chloride in solution. The reaction is very slow, 
due to the extreme insolubility of thallic hydroxide. For the prepara- 
tion of thallous hypochlorite ice cold solutions of thallous sulfate and 
barium hypochlorite were mixed. Barium sulfate was precipitated ; after 
a few minutes the solution suddenly deposited a copious precipitate of 
thallic hydroxide. The thallous hypochlorite is evidently too unstable to 
exist long, even at low temperatures. The writer is now turning atten- 
tion to the preparation of thallic oxyxchlorate, TIOCIO,. The isomeric 
thallous perchlorate has been described in the literature. 

One other pair of isomers is being considered for immediate study. 
These are uranyl sulfite, UO,SO,, and uranous oxysulfate, UOSO,. The 
first of these has been prepared by Kohlschutter®; the second is a well 
known substance. It is proposed to study the relative stabilities of these 
two compounds, and to effect the rearrangement of one into the other. 
The corresponding selenium compounds will also be studied. 


*Rathke, J. Prakt. Chem., 95: 1 (1865). 
* Kohlschutter, Ann. 311: 1 (1900). 
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SOME STUDIES IN THE PINACOL SERIES 
BY 
JoHN C. Baruar, JR. 
University of Illinois, Urbana. 

The pinacols are ditertiary alcohols of the type RR’C(OH). 
C(OH)R”’R”’, where the R groups may be alike or different. These 
compounds show several interesting properties, among them the sen- 
sitivity to acids and bases. Upon treatment with acids, most pinacols 
undergo rearrangement to B-pinacolones; bases tend to split the mole- 
cule into a secondary alcohol and a ketone: 


R R" R 

~“ Acid ~ 
cC— == C «= 

aE HD BS cm comme + me 
Ok OH 


R" | 
OH OH 


R, R" : 
oc—¢ oe + ">> oxou + —_ 

These two reactions have been the subjects of many investigations— 
other aspects of the chemistry of the pinacols have been but little 
studied. On account of the sensitivity of the pinacols to acids and bases, 
very few derivatives have been prepared. The only ether which is re- 
ported in the literature is the phenyl ether of benzo-pinacol, which Wie- 
land’ has shown to be formed when triphenylmethyl peroxide is heated: 





OCoHs OC oki, 
Coli, Cal Coli... | 7 
CalisS C— 0—0— cL Ceity oHen ¢ —Celis 
Coll Cols Cols” en 


Esters seem to be entirely unknown. 
There is one derivative of benzopinacol, however, which is well 
known. This is the iodomagnesium pinacolate, 
Ces *~. P “Collis 
Cals | “Celts 
O-tigI O-tigt 
It may be prepared by the action of a Grignard reagent upon benzo- 
pinacol, benzil, esters of benzoyl formic acid, or esters of oxalic acid. 
Gomberg and Bachmann’* have recently shown that it may be obtained 


1 Wieland, Ber. 44: 2550 (1911 
2 Gomberg and Bachmann, J. ais. Chem. Soc. 49: 236 (1927). 
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by the action of a mixture of magnesium and magnesium iodide upon 
benzophenone in anhydrous ether or benzene. The corresponding bromo- 
compound may also be prepared by either of the above methods. These 
halomagnesium pinacolates are slowly oxidized by the air to the cor- 
responding ketone, and are converted by water to the pinacol : 


C.H CoH, Cali 
een —— + 1/2 0g ——p2 co + MgO + MgI 
7 wap Cel . 

CoH, OMgI OxigI~ Vets lin 


Colley elles 9 ge Calis 


_— Cells ; c . ; 
fugr Cols +2 1.0 —)> $cc, + Mgle + Mg(Cit)s 


Cols OMe t Cells” On 
Whether these pinacolates are subject to rearrangement and to split- 
ting is not known with certainty. Acree* has reported that the distil- 
lation of bromomagnesium benzopinacolate at 400° gives B-benzopinaco- 
lone, but it may well be that the rearrangement takes place after the de- 
composition of the magnesium compound. Certainly we should not ex- 
pect the halo-magnesium derivatives to rearrange as easily as the pinacol 
itself. With this in mind, I have attempted to prepare other pinacol 
derivatives from the iodomagnesium pinacolate. 

I have succeeded in preparing the methyl ether of benzopinacol by 
the action of dimethyl sulfate upon the iodomagnesium pinacolate. 
Twice the calculated amount of dimethyl sulfate was added to a ben- 
zene solution of the pinacolate. A white gelatinous precipitate formed 
at once. After the mixture was shaken for several hours, the liquid was 
separated from the precipitate by filtration, was washed several times 
with water to remove the excess dimethyl sulfate and the magnesium. 
The crystalline residue which remained was purified by recrystallization 
from alcohol, in which it is quite soluble. Analysis showed it to be the 
methyl ether of benzopinacol. The substance is unstable—even boiling 
the aleoholic solution causes some decomposition. There is no definite 
melting point—at about 150° the material sinters and at 166° it melts 
with the evolution of a gas. These temperatures may be varied somewhat 
by changing the rate of heating. 

In an attempt to prepare the chloride of benzopinacol a solution of 
the pinacolate was treated with phosphorus pentachloride. A precipitate 
at once formed, and iodine was liberated. After shaking over night, the 
solution and precipitate were separated by filtration and the filtrate was 
washed with water and allowed to evaporate. The crystalline residue 
was entirely B-benzopinacolone—no pinacol chloride could be detected. 


? Acree, Am. Chem. J. 33: 187 (1905). 
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The liberation of iodine can doubtless be laid to the dissociation of phos- 
phorus pentachloride into phosphorus trichloride and chlorine, which 
displaced iodine from the magnesium iodide. The free iodine oxidized 
part of the pinacolate to benzophenone. This forms an insoluble double 
sali with magnesium iodide—hence the benzophenone precipitated as 
fast as it formed, and was later recovered from the precipitate. 

An attempt was made to prepare the benzoyl ester of benzopinacol 
by the action of benzoyl chloride on the iodomagnesium pinacolate. In 
this case, as in the previous one, the desired product was not obtained. 
Instead of the ester, a-benzopinacolone, was formed in very good. yield. 


Cols 7 Polls 
Collg~ 0” ~~ Colle 


Both phosphorus pentachloride and benzoyl chloride have the power of 

removing magnesium oxide and magnesium iodide from the iodomag- 

nesium pinacolate—phosphorus pentachloride alone has the power of 

effecting a rearrangement. This would indicate that the magnesium 

oxide and iodide are removed before the rearrangement takes place. 
These studies are being continued at the present time. 
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THE MAGNETIC SUSCEPTIBILITIES OF OSMIUM, 
IRIDIUM, AND PLATINUM* 
BY 
L. T. BourLanp 


University of Illinois, Urbana. 


Spectroscopic investigation has been the most useful tool for study- 
ing the structure of matter. The study of the magnetic properties of 
matter has given promise of becoming an important supplement by 
checking spectroscopic results on ionic magnetic moments and predict- 
ing new spectroscopic data. Very limited success has attended attempts 
in these directions, F. Hund’s calculation of the magnetic moments of 
the ions of the rare earth elements is an almost unique example. A gen- 
eral theory of the paramagnetism of metals seems even more remote. 
Contribution to the mass of data which must underlie such a theory is 
the object of measurements of the magnetic susceptibilities of metals 
and their compounds. 

The United States Bureau of Standards has furnished pure sam- 
ples of the platinum metals which have been prepared for the purpose 
of making precise measurements of their physical properties. The data 
on the magnetic susceptibilities of these metals as given in the literature 
are conflicting and it is probable that such pure materials have not been 
available to investigators in the past. For these reasons it was proposed 
to repeat the measurements of these susceptibilities. 

Susceptibility measurements on the compounds of the platinum 
metals are necessary to the calculation of their ionic magnetic moments. 
The American Platinum Works has furnished iridium dioxide, iridium 
chloride and platinous chloride which have been used for this purpose. 

A modification of the Curie magnetic balance having several advan- 
tages has been developed. The torsion head of this balance is electrically 
controlled in order to eliminate the possibility of disturbing the balance 
during adjustment. For the purpose in hand the balance must permit 
an accurate measurement of forces on the magnetic sample varying from 
one tenth of a dyne to several dynes. This indicates the necessity of 

*An abstract of a thesis submitted in partial fulfillment of the requirements 


for the degree of doctor of philosophy in physics in the graduate school of the 
University of Illinois, 1930. 
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protecting the balance arm from the influence of air currents. The situa- 
tion is complicated by the requirement of measurements at high tempera- 
tures. By using a shield which reduced the air currents set up by the 
electric furnace to a minimum, satisfactory operation was obtained over 
the temperature range 300°K to 700°K. 

The force on a paramagnetic substance is proportional to H (dH /dx) ; 
where H is the intensity of the magnetic field and dH/dx is the gradient 
of this field in the direction perpendicular to the line joining the centers 
of the pole pieces. The point of maximum H(dH/dx) was determined 
by a search coil. The field was calibrated by means of the magnetic 
balance deflections due to distilled water. The susceptibility of distilled 
water has been quite definitely fixed by the concordant determinations 
of several investigators. The value adopted by the International Critical 
Tables is —0.720 x 10-° in vacuo. Taking the volume susceptibility of air 
as 0.029x10-° the susceptibility of water measured against air is 
—0.749 x 10°, in ¢.g.s. units. The susceptibility data given below are 
referred to this value as standard. 

The susceptibilities were calculated by the formula from electro- 
dynamics F = mXH(dH/dx). F is the force on the magnetic specimen; 
m is the mass of the sample; X is the magnetic susceptibility per unit 
mass. 

Each of the susceptibilities given in the following tables is the 
average of several values taken at different field intensities. 


TABLE I TABLE II 
OSMIUM IRIDIUM 
Temperature Susceptibility Tem- 
299°K 0.040x10-¢ perature Susceptibility 
398 .047 298°K 0.140 0.125 0.133x10-* 
548 .053 348 139 135 139 
698 .058 398 138 .140 .146 
473 145 142 152 
548 147 148 .159 
623 .156 157 165 
698 165 167 169 
TABLE III 
PLATINUM 
Temperature Susceptibility 
298°K 0.981 0.980 0.986x10-® 
348 0.944 0.946 0.950 
398 0.920 0.922 0.932 
473 0.875 0.875 0.877 
548 0.831 0.831 
623 0.799 0.791 


698 0.747 0.744 
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Within experimental error the susceptibilities of the platinum 
metals were independent of the magnetic field intensity, indicating that 
they were substantially free of ferromagnetic impurities. 

The susceptibility of iridium dioxide varied with the field as shown 
by Table IV. 

TABLE IV 
IRIDIUM OXIDE 


Current in amperes 





in electro-magnet Susceptibility 
coils 298°K 698°K 
1.5 1.082x10-* 0.948 
2.0 1.032 0.922 
2.5 1.027 0.915 
3.0 1.008 0.899 
3.5 0.997 0.896 
4.0 0.985 0.888 
4.5 0.889 


This variation with the field is probably due to the presence of a 
slight trace of some ferromagnetic substance in the sample. Averaging 
the results at each temperature, for the three highest magnet currents 
gives the variation with temperature shown in Table V. 


TABLE V 
IRIDIUM OXIDE 
Temperature Susceptibility 
298°K 0.997 x 10-* 
348 .984 
398 .974 
473 971 
548 .942 
623 .926 
698 891 


Platinous chloride and iridium chloride were found to be diamag- 
netic with susceptibilities independent of temperature and field within 
experimental error. The chlorides are unstable at temperatures above 
100°C (373°K) ; hence the temperature range of the measurements was 
restricted. The measured susceptibilities were: PtCl,, —0.150; IrCl,, 
0.114 x 10°. 

Weiss’ law (X + Xd) (T — ©) =C is followed by platinum and 
iridium dioxide. X is the measured paramagnetic susceptibility, Xd is 
the correction due to diamagnetism, T is the temperature in absolute 
degrees (Kelvin) and C is a constant. It is possible to caleulate the 
magnetic moment, M, per mole from the Langevin theory of paramag- 
netism which gives the expression M?=3mRC where m is the atomic 
weight and R is the gas constant per mole. For platinum Xd= -0.141, 
) 1390, C = 1890, and M = 9600 c.g.s. units or 8.52 Weiss mag- 
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netons. One Weiss magneton = 1126 ¢.g.s. units. This does not agree 
with the Weiss theory requiring an integral number of Weiss magnetons, 

Application of Hund’s rules (which he applied to the rare earth 
ions with success) to the Ir”” ion gives a prediction of 5 Bohr mag- 
neton units for the magnetic moment of this ion. J, the total moment 
of momentum of the ion in the theory of line spectra, is 2.5 Bohr 
units. The old quantum theory gives the expression M’?—=3JmRC/(J+-1) 
in place of the Langevin expression. The constants in the Weiss formula 
which were found for Ir”” (i. e. Ir0,, neglecting the contribution of 
the 0,) are Xd 0, © = -3980, C — 4260, giving M— 12,100 egs. 
units, or 2.16 Bohr magnetons. (One Bohr magneton is equal to 4.97 
Weiss magnetons.) This does not agree with the prediction of the Hund 
rules. 

Osmium and iridium do not obey the Weiss law, and hence their 
magneton numbers could not be calculated. A quantitative theoretical 
interpretation is also lacking for the diamagnetic substances platinous 
chloride and iridium chloride. 

The Pauli theory of paramagnetism, in which the Fermi statistics 
is applied to a degenerate “gas” of spinning electrons, does not predict 
any of the results of this investigation. The following table gives the 
results of an application of this theory to osmium and iridium on the 
assumption that each atom has contributed one free-spinning electron 
to the paramagnetic gas. 





X per gram X per gram 
Pauli cal- measured 
m n culation at 298° K 
Ir 193.1 3.14 x 107! 0.0144 x 10-6 0.047 x 10-* 
Os 190.8 3.18 x 10°! 0.0144 x 10-6 0.13 x 10 


In this table m denotes the atomic weight of the metal and n is the 
number of atoms per cubic centimeter. The Pauli theory gives 
X = 2.209 X 10-** n'/* per cubic centimeter. The assumption that the 
number of free electrons is equal to the number of atoms, made for the 
computation of the above data, is less tenable here than in the case of 
alkali metals because of the greater number of electrons outside of a rare 
gas shell in the case of osmium and iridium. Laporte and Sommerfeld 
have modified the Hund theory by assuming that each term of the 
ground multiplet contributes to the magnetic moment of an ion. They 
show that this assumption leads to a dependence of the magneton num- 
bers on the temperature with a temperature coefficient positive for regu- 
lar and negative for inverted terms. This may give a hint for future 
progress, but is not quantitatively applicable at present to the explana- 
tion of the behavior of iridium and osmium. 
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METHODS OF TEACHING FORMULA-WRITING 
BY 


J. C. Curpprx 
Normal Community High School, Normal. 


Often teachers attempt to present chemistry by methods completely 
contrary to the way people naturally learn. The result can not be wholly 
satisfactory. To improve methods the Research Committee of the Illinois 
Association of Chemistry Teachers directed by Dr. Rosalie M. Parr of 
the University of Illinois is making a special study, collecting and dis- 
tributing methods that have been found successful. 

One topic considered has been formula-writing. For this topic the 
lesson assignment is often a certain number of pages, including certain 
exercises at the end of the chapter. However, to get results, students 
need a challenge to their ability to think. So why not challenge them 
to explain why compounds have definite formulas? Point to a number 
of familiar formulas and lead the students to observe these two facts: 
first, that one atom of a certain element usually holds the same number 
of atoms of another element, as one of calcium holds just two of chlor- 
ine; second, that the atoms of different elements hold different numbers 
of atoms of other elements, as one of zine holds two of chlorine, but just 
one of sulphur. Then ask: “Why is it that calcium can hold only two 
chlorine atoms, while aluminum can hold three? Why is it that zine 
can hold two of chlorine, but only one sulphur atom?” The challenge 
thus thrown them, whether they can meet it or not, will be a mental 
stimulus toward their later getting the accepted solution. 

Furthermore, the challenge must be answered. If the student can 
not here explain in terms of the atomic structure and the electron theory, 
then the teacher should give a rational basis on which to build. The 
students will thus see the amount of holding power of an atom depends 
upon its structure. They will see why some elements are inactive, while 
other elements, such as calcium, aluminum, and carbon, will have two, 
three, four, ete., times the holding power or valence of hydrogen. They 
can now work intelligently. Without understanding, valence and formula- 
writing become mechanical and lead to confusion, just as in algebra 
transposition often leads to a hopeless muddle. With understanding, the 
principles of formula-writing will be intelligently applied, and the 
periodic chart will become a useful tool. 
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An abstract presentation will not be clear for all. So by way of 
adding light for the less brilliant students H. R. Hortin of Atwood, 
Illinois, suggests this scheme. He would compare elements to boys and 
girls on a dance floor. As some girls and I suppose some boys are more 
attractive than others, there will be quite a variation in the way the 
boys and girls couple off on the floor or group together along the side. 
Some handsome boy may have two girls just as Ca will capture two 
Cl atoms, and some attractive girl may hold three or four boys. Simi- 
larly C holds four H. Such bright mental pictures for high school stu- 
dents will undoubtedly make valence and formula-writing clear. 

The students now think they understand. However, formula writ- 
ing is not yet learned. That can only be accomplished by writing. After 
showing how to write simple formulas by means of valence signs, chal- 
lenge the class to write formulas for themselves, allowing perhaps two 
or three of the apt students to write on the board. The students will 
thus speedily meet their difficulties, ask questions, and gain some mastery 
of the work. Just here it seems to me is a proper place to make use of 
another device used by Miss 8. Aleta McEvoy of Rockford, Illinois. 
Students usually understand better if they have something to visualize 
or to manipulate. So, to make formulas more tangible, Miss McEvoy 
would design sets of cards for the students. (The cost of printing is 
very little.) The size of the card for each element or radical shows the 
valence, thus, 











Cat art] “C1 “0 





























Getting the correct formulas is just a matter of matching cards, 
thus: 





“Cl 

Calcium chloride Ca'= Cacl, 
___] “Cl 

Barium sulfate Ba — —so a BaSO, 

















After experimenting with these cards and writing formulas, the students 
gradually acquire the ability to think the formula abstractly. Then the 
cards may be dispensed with. 


The more difficult formulas, as for aluminum sulfate and calcium 
phosphate, can later be taught in the same way pointing out that the 
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positive and negative valences must always be equal and that they can 
always be made equal by the least common multiple of the valences, thus: 

















are] 8, 
Aluminum sulfate -SO, Al,(SO0,), 
+ 
ar] (50, 











Carl D. Althoff of Depue, Illinois, uses another device. He writes 
the symbols without the necessary subscripts to make the valence balance. 
(Thus Al So.) Then he saparates the two positive and negative parts 
by a perpendicular line and writes the valence above each in Roman 
numerals. (Thus II a Then he tells the students to write 

Al |; (S90,). 
subscripts that will make equal products with the numbers representing 
Ill II 
Al, (SO,);. 

To give speed in writing formulas Mr. Dorr Simer and Miss Mary 
Brock of Decatur High School use flash cards, drawing them at random 
from a bowl or container. Students that are slow, or fail, come in during 
vacant hours or after school and are coached by brighter students. 

Briefly we may sum up the method of teaching formulas in these 
steps. Present the students the problem, challenge their ability to ex- 
plain, give them a rational basis for work, explain the method of writing 
the formula, and lastly give them practice, making the work as tangible 
and concrete as the needs of the students demand. 


valence above. Thus, 
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MAGNETIC PROPERTIES OF THE PALLADIUM 
METALS AND SOME OF THEIR 
COMPOUNDS 
BY 
ALBERT N. GUTHRIE 
University of Illinois, Urbana 


Many investigators have made susceptibility measurements on pal- 
ladium but the results are in wide disagreement. The susceptibilities of 
ruthenium and rhodium are less well determined. It is known that 
palladium approximately follows the Weiss law, X = C/(T—®) ; where 
X is the susceptibility per unit mass, T is the absolute temperature, 
C is the Curie constant, and @ is the Curie point. The susceptibilities 
of both ruthenium and rhodium increase with temperature. 

Determination of the magnetic moments of ions of these elements 
is of considerable importance in testing the spectroscopic method of pre- 
dicting ionic moments. These determinations can be made by finding 
the law of variation of susceptibility of compounds of these elements 
with temperature, provided that this law is the Curie law or the Weiss 
law. Otherwise there is no theory which allows a calculation of the ionic 
moments. 

The laws of variation of susceptibility with temperature for the 
metals ruthenium, rhodium, and palladium and for the compounds 
RuCl,, RuO,, RhCl,, and Rh,O, have been determined in the hope of 
contributing more accurate data on the metals than are now available 
and of furnishing material for calculation of ionic magnetic moments. 


DESCRIPTION OF SAMPLES 


Samples of the metals, which had been prepared with great care 
for exact determination of physical and chemical constants, were made 
available by the Bureau of Standards, Washington, D. C. They were 
prepared in sponge form by igniting the double salts of ammonia and 
chlorine. The Bureau states: 


“The content of iron is probably not over one part in a million and may 
be much less. It is difficult to say whether the traces of iron are alloyed 
with the metals or are present as ferric oxide. It is possible that there are 
minute traces of cobalt and nickel in the rhodium, but spectrographic ex- 
amination did not show any. These elements are less likely to be present in 
the other metals than in rhodium.” 
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The compounds were prepared with special care by Dr. Streicher 
of the American Platinum Works, Newark, N. J. His report is as 
follows: 

“The metals which went into the compounds were 99.9 percent pure and 
free of base metals. The metal content of the oxides is that theoretically 
correct for the compound. The metal content of the trichlorides is slightly 
higher than that theoretically correct. This means there are traces of the 
dichlorides present in these compounds.” 


APPARATUS AND EXPERIMENTAL METHOD 


The measurements were made by means of an improved Curie 
balance.’ In this balance the usual mechanical torsion head was replaced 
by an electrically operated one. For this purpose a set of Helmholtz 
coils was employed, the suspension which controlled the balance arm 
being suspended from the movable coil and this in turn being suspended 
from a fixed torsion head. By placing the movable coil at right angles 
to the fixed coils, and controlling the current through the movable coil 
the proper torque to bring the balance arm back to its zero position, 
when displaced by the magnetic field, could be applied to the controlling 
suspension without going near the balance. The deflections of the mov- 
able coil were measured by means of a telescope and scale placed at a 
distance of about one meter. For samples of different susceptibilities 
suspensions of different torsion constants were used in order to have 
deflections large enough to reduce the error of reading to a small 
percentage. 

The magnet used was a large Dubois type which gave a field of 
6,400 gausses without appreciable heating. Its pole pieces were set at 
an angle of about 12 degrees with the line joining their centers. 

The thermocouple used in measuring the temperatures of the sam- 
ples was cu-constantan and was used in series with a D’Arsonval gal- 
vanometer and a resistance of about 2,000 ohms. The hot junction was 
mounted in the furnace so as to occupy the same relative position as 
the sample and the cold junction was kept in a bath of ice and water 
in a Dewar flask. A deflection of the galvanometer of one mm. corre- 
sponded to a temperature change of about 2.5 degrees. The thermocouple 
was calibrated by means of the boiling points of substances that are well 
known. 

The apparatus was calibrated by making measurements on distilled 
water the susceptibility of which was taken as —0.749X10-°° when 
measured in air at 20°C. and atmospheric pressure. The water used was 





1P. Curie, Collected Works, p. 232. 
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doubly distilled, the second time from a solution of KMn0, in a quartz 
still. The calibration measurements were repeated at frequent intervals 
throughout the course of the investigation. 

It is estimated that the results are correct (compared to water) to 
about 1.5 percent. 


RESULTS OF MEASUREMENTS 


The Metals. When examined from field strengths of 1,400 to 6,400 
gausses, rhodium was the only metal which showed a systematic varia- 
tion of susceptibility with field strength. Its susceptibility varied from 
1.60X10-* at 1,420 gausses to 1.20X10-° at 6,390 gausses along an 
approximately hyperbolic curve. This variation was assumed to be due 
to a ferromagnetic impurity and the method devised by Owen? was used 
to calculate the susceptibility of rhodium from these measurements. 

The result of the measurements on the metals are given in Table I. 


TABLE I 


METALS 








Susceptibility x 10° 





Temperature °K 








Pd Rh* Ru 
5.15 1.08 0.427 
4.79 1.09 431 
Seip Sh apeigtactaaecioes HS | tee 
ieee eae 435 
ccchietacaaison ced 1.12 cilccsbcuceneegseaaee 
ae eo en 443 
Oireentncmtonanen te 1.13 Rees. 
A elem eaeionece ov erm 452 
3.52 1.15 457 
3.27 1.16 466 
3.05 1X4 475 
2.85 1.18 487 
2.66 1.19 496 

















*Calculated from the measurements by the method of Owen. 


The Compounds. The susceptibilities of the oxides were measured 
up to 400°C. without any indication of decomposition. The chlorides 
could be heated to only 175°C. No indication of ferromagnetic impuri- 


2 Owen, Ann. der Phys. (4) 37: 657 (1912). 
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ties was found in any sample. The results for the oxides are given in 
Table II and those for the chlorides in Table ITI. 























TABLE II TABLE III 
OXIDES CHLORIDES 
Susceptibility x 10® Susceptibility x 10° 
Temperature Temperature 
“a ol 
RuO, Rh.O; tuCl; | RhCl; 
| eee Oe. 1.21 0.408 || 296...................... 7m | .00 
See el ere 0.408 || 328... 6.64 | 0.00 
ar 1.28 0.410. I 3... 6.16 | 0.00 
Serer 1.31 0:43 1 3......... | 5.77 0.00 
- SR ee 0.403 || 398........... | 5.44 | 0.00 
eas 1.40 0.402 || 423........ 5.18 | 0.00 
| Ses 1.43 0.401 || 448... | 4.91 | 0.00 
. Sees 1.46 0.398 
673.. 1.49 0.397 || | 

















The Metals. The susceptibilities for ruthenium and rhodium are 
found to increase with temperature in good agreement with previous 
results.? There is no theory of magnetic properties to account for this 
behavior. Palladiym is found to follow the Weiss law, but the constants 
of the law change at a temperature of about 200°C. Between 25°C. and 
200°C. the equation is: 


2430 
x = —————_ .. 10° 
T +173 
and between 200°C. and 450°C. it is: 


~~ 3040 

x = ———— i |. 
T + 225 
| 


The first equation gives an elementary magnetic moment of 7.2 Weiss 
magnetons per mole, while the second gives 8 Weiss magnetons per mole. 
These results are in good agreement with those of a number of earlier 
investigators.* 


)27 (1910). 


* Honda, Ann. der Phys. ( 
4 7657 (1912). 
( 


Owen, Ann. der Phys. ( 
*Foex, Ann. de Physique, 


4 

» 3 
1 d 21). 
Onnes and Oosterhuis, Proc. Roy. Acad. Sci. Amsterdam. 15:322 (1912). 
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The fact that calculations of magnetic moments for palladium give 
a whole number of Weiss magnetons has been used in support of the 
Weiss theory of the magneton. It appears that calculations have always 
been made from measurements above 200°C. 

The Compounds. A comparison of ionic magnetic moments of these 
elements determined from susceptibility measurements on the compounds 
with those predicted spectroscopically is pertinent.® The susceptibility 
of RuO, was found to increase with temperature. Rh,O, and RhOl, 
showed constant susceptibilities, that of the latter being zero within the 
limits of the apparatus. The susceptibility of RuCl, decreased with 
increasing temperature according to the Weiss law: 

2360 
xX = ——__... 10° 
T + 38 

These results give, for the magnetic moment of the ion Ru” ’, 9.85 Weiss 
magnetons. Cabrera and Duperier®, from measurements on RuCl,, have 
found for Ru”’ the moment 12.9 Weiss magnetons and the spectro- 
scopically predicted moment is 29.4. From measurements on IrQ,, Mr. 
L. T. Bourland (1930) has found for the moment of Ir””, which spec- 
troscopically should have the same moment as Ru”’, the value 12.7 
Weiss magnetons. 

It is interesting to note that of all the compounds of these elements 
whose laws of variation of susceptibility with temperature have been 
determined (RuCl,, RhCl,, PdCl,, OsCl,, IrCl,, PtCl,, IrO,, RuO,, 
and Rh,O,), only those containing the ion for which the Hund rule 
predicts an S normal state (RuCl, and IrO,) are found to follow the 
Weiss law. This is as predicted but the deviation in most of these cases 
is opposite to that to be expected since the moments of ions with inverted 
multiplets for ground terms should decrease with increasing temperature. 

In the ions of the iron, palladium, and platinum groups the electron 
configuration is quite different from that in the rare earths where such 
good agreement between spectroscopic predictions and experimental 
values is found.’ The incompleted group of equivalent electrons, which 
gives the trivalent rare earth ion its mechanical and magnetic moments, 
is inside two completed groups. In the iron, palladium, and platinum 
ions the incompleted group of equivalent electrons is the outermost 
group. 


5 Hund, Zeits. f. Phys. 33:345 (1925). 

Laporte and Sommerfeld, Zeits. f. Phys 40 :333 (1926). 
Van Vleck, Phys. Rev. 29:727 (1927); 31 :587 (1928). 
® Cabrera and Duperier, C. R. 185: 414 (1927 

™Hund, Zeits. f. a. 33 :85 (1925). 

Van Vieck, Phys. Rev. 34: 1494 ot). 
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THE GRADUATE STUDENT AND COOPERATIVE 
RESEARCH 
BY 
D. B. Keyes 
University of Illinois, Urbana. 


The modern graduate student in chemistry in our universities is 
not generally a boy whose family is heavily endowed with riches. More 
than nine times out of ten it is necessary for the graduate student to 
earn his own living by doing work of some type while attending the 
university. 

At the present time the situation is met by permitting the graduate 
student to act as a teaching assistant in freshman chemistry courses. 
This has been the subject of much pedagogical argument and the general 
impression is that our graduate students are not skilled teachers and 
that the freshman student is apt to suffer. On the other hand, it is 
almost impossible to get full-time instructors who would be more satis- 
factory and who could afford to accept a position where the salary is so 
extremely low. In the last analysis in our large universities if we re- 
moved these teaching assistantships we would lose from one-half to 
ninety percent of our graduate students. This, of course, would be a 
catastrophe. 

It is a natural desire on the part of the chemistry departments of 
the various universities to see an increase in the number of graduate 
students in their departments. In the last few years there has been a 
steady increase in most of these departments due to the fact that there 
has been a steady increase in freshmen and a resulting increase in the 
number of teaching assistantships offered. At the present moment we 
seem to have arrived at a saturation point. 

In the meantime our great industrial concerns have suddenly dis- 
covered that a research man who has a Ph.D. is considerably more valu- 
able at least in the first few years in their research organizations than 
the young man who has only his bachelor’s degree. The young man with 
a Ph.D. has been broken in by the instructing staff so that when he 
starts in work in an industry there is very little change from his academic 
life. The result of this discovery on the part of our great industries is 
quite obvious. We now have a tremendous demand for graduates who 
have Ph.D. degrees. A superficial survey of the situation would indicate 
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the demand is about five times the supply. In other words, it becomes 
necessary for us to increase our graduate school in chemistry to a point 
where we will produce five times as many Ph.D’s per year as we have 
in the past. When we have developed to that point, unquestionably the 
demand will still exceed the supply. 

An interesting example of the acuteness of the situation is shown in 
the salaries offered these young men who have just obtained their doc- 
tor’s degree. Some years ago the salary offered was $2,000 to $2,400. 
Last year it was $3,000 to $3,300. This year it is $3,300 to $3,600 and 
next year it will probably be even higher. This does not take into ac- 
count men who are especially trained in subjects that are of extreme 
interest to certain industries. These men are being offered today from 
$4,000 to $5,000 even though they have had no real practical experience 
in the industry. 

It is quite evident that we cannot meet the situation by putting on 
more teaching assistantships. Perhaps the most desirable way of increas- 
ing our graduate school would be for the university itself to increase its 
budget and offer research fellowships with a financial stipend equivalent 
to those of our modern teaching fellowships. This, however, is a rather 
difficult thing to do because it involves the entire university and not the 
individual department. If $100,000 were spent every year to “buy” grad- 
uate students for the chemistry department, there might be some criti- 
cism on the part of the various other departments of the university. On 
the other hand, it would of course be financially impossible to spend an 
equal sum on all the departments. Desirable though the plan may be, 
a practical solution to the problem along these lines is not easily dis- 
cerned at the present time. 

There remains one source of finances that has not been thoroughly 
appreciated by all the universities, that is the industries. A great many. 
of our large industries are now vitally interested in fostering certain 
fundamental investigations in educational institutions. The research 
and development departments of our industries have their hands full in 
developing applications of science to their particular industry. They 
have practically no time for purely scientific investigations. On the 
other hand, if they were able to obtain fundamental data that are not 
in the literature at the moment, they could materially speed up their 
own work. It is this collection of fundamental data and the general 
investigation of fundamental phenomena that our industries are only too 
glad to foster in outside institutions. 

At the University of Illinois the chemistry department has a num- 
ber of cooperative investigations in progress at the present time. Many 
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thousands of dollars have been spent by the industries on these investi- 
gations. So far the results seem to justify this expenditure both from 
the standpoint of the industry and the university. 

These investigations at the University of Illinois are mostly in the 
hands of professional full-time research men, who already have their 
Ph.D. degrees and several years experience as research men in industry. 
Though they are young men they already have an enviable reputation 
among their colleagues. During the progress of their work it is quite 
possible that they will become internationally as well as nationally 
known. 

It is quite evident that the industry which is willing to pay for 
the hiring of such men is also willing to pay for the hiring of several 
graduate students to help along these fundamental investigations. These 
graduate students would work directly under a professional research 
man. It is believed that this arrangement would be satisfactory to all 
concerned. The graduate student would have better instruction in re- 
search than he could have under any other arrangement. The chemistry 
department would be permitted to increase its graduate school and the 
ultimate number would be limitless. The industry for a small additional 
sum would increase the amount of work done in a definite length of 
time and therefore hasten the solution of their own particular problems. 
In brief, the utilization of money from the industries on fundamental 
industrial and scientific investigations seems to be the answer to the 
problem of how we shall be able to increase our graduate schools. 

In order to give a clearer picture of these fundamental investiga- 
tions which are operated as cooperative projects, there is given below a 
brief statement of a few of these projects at the University of Illinois. 

Some years ago when boiler explosions were more or less prevalent 
it was noticed that in certain cases a peculiar intercrystalline crack 
appeared in the boiler plate. This subject has been investigated as a co- 
operative project of the Public Utilities and the cause of this cracking 
has been discovered. After the cause had been discovered it was a rela- 
tively simple matter to produce a satisfactory remedy. Recently this 
investigation has been changed to a study of the equilibria conditions 
involved in boiler water up to the critical point of steam. This phase- 
rule study of solubilities and the effect of organic matter on these equi- 
libria will mean a great deal for the satisfactory operation of our power 
plants. It should be possible, after we have obtained all of the impor- 
tant data, to suggest a mode of operation for any particular boiler, or 
any particular boiler water, that would approach the ideal ; for example, 
there should be no trouble due to corrosion, scaling, embrittlement, or 
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foaming. It can be easily seen that a great many doctors’ theses will 
have to be written before this investigation is finished. 

The manufacture of water ice on a large scale in this country has 
been highly developed from a mechanical standpoint. Chemical engi- 
neering features, such as improvement of heat transfer, have also been 
thoroughly studied. The chemical processes, or rather the effect of 
various chemical compounds in the water on the growth of ice crystals, 
have received scant attention. The fundamental principles involved in 
water treatment have been applied, but no special scientific work has 
been done in order to improve water as a raw material in ice manufac- 
ture. At the present time there are probably between five and ten thou- 
sand plants in this country which are forced to distill the water in order 
to make a satisfactory ice. Even with multiple-effect evaporators, distil- 
lation is a costly procedure if one compares this operation with ordinary 
water treatment. We have found at the University of Illinois, after a 
rather superficial study of the fundamental conditions, that it is quite 
possible to remove chemical compounds, such as sodium carbonate, by 
chemical treatment without resorting to distillation. The inorganic 
chemical reactions studied, though not new, have received very little at- 
tention in the past. It will be necessary, however, to go much deeper 
in order to remedy the situation for all types of water in the United 
States. It will be necessary to find out exactly the effect on the growth 
of ice crystals of each and every constituent found in the water. It 
will also be necessary to study the effect on crystallization by com- 
pounds both inorganic and organic which may be added to the water. 
From a scientific standpoint this is a rather important investigation, 
and this cooperative project should furnish considerable material for 
doctors’ theses. 

The above few examples are representative of the type of cooperative 
work we have at the University of [Illinois in the Industrial Chemistry 
Division. Some of the other projects we are working on at the present 
time are the study of the corrosion in the modern power plant, especially 
corrosion caused by flue gases; the study of the corrosion which occurs 
in gas-fired boilers used for heating homes; the determination of specific 
heats of gases at very high pressures and high temperatures ; the conduc- 
tivity of carbonic acid solutions under high pressure and high tempera- 
ture; a fundamental study of the reactions involved in the oxidation of 
various organic compounds, for example, hydrocarbons; the study of 
gas reactions under high pressures and high temperatures ; and the study 
of the partial oxidation of pure organic compounds both in the liquid 
and vapor phase, using a catalyst and oxygen as the oxidizing agent. 
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AN EXPERIMENTAL STUDY OF THE HIGH- 
FREQUENCY RESISTANCE OF 
METALLIC CONDUCTORS 
BY 


C. H. Li 


University of Illinois, Urbana. 


The study of the variation of resistance of a metallic’ conductor 
when subjected to high-frequency current is of practical interest in 
radiotelegraphy and radiotelephony. In the case of non-magnetic con- 
ductors which have a constant permeability, formulae are available and 
the high-frequency resistance may be calculated without difficulty. But 
in the case of magnetic conductors such as iron, nickel, cobalt, and alloys 
of these metals, the permeabilities vary with the strength of the current 
through them. The calculation of the high-frequency resistance of these 
substances therefore becomes more difficult. Fortunately, there are 
available in the laboratory many simple and practical methods for 
measuring high-frequency resistance, and hence these resistances can be 
determined experimentally. The writer of this paper has chosen the 
substitution method in all his measurements in this investigation, be- 
cause this method has been found to be convenient and accurate in 
practice. 

The specimens of conductors which have been used in this investiga- 
tion are straight cylindrical “Advance” wires of different sizes which 
were subjected to a high-frequency current between the limits of 900,000 
and 6,000,000 cycles per second. “Advance” wire is an alloy composed 
of 55 percent copper and 45 percent nickel. 

The substitution method is a well-known method in electrical 
measurements. The apparatus consists essentially of a wave meter, 
radio frequency oscillator, and a tuning circuit. 

The wave meter used in this work was a precision wave meter, 
which, with a small inductance coil made and calibrated by the students 
in our laboratory, could cover a range of wave-lengths from 25 meters 
up to 24,000 meters. 

The radio frequency oscillator may consist of any convenient oscil- 
lating circuit, but one which can give a powerful and reasonably uniform 
output is preferable. The oscillator used was a five-watt vacuum-tube 
oscillator designed by our Electrical Engineering Laboratory. It gives 
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a constant and powerful output, and with interchangeable inductance 
coils it covers a range of wave-lengths from approximately 25 meters to 
400 meters. 

The tuning circuit consists of an inductance coil, a variable con- 
denser, an ammeter, ete. 

The testing conductors were not coiled, but stretched between two 
brass binding posts mounted on a long board. The distance between 
the binding posts is approximately 100 centimeters, so that the wires to 
be measured are kept always at the same length. 

The tuning circuit was excited by coupling to the source or the 
oscillator. By means of the variable condenser the tuning circuit was 





Source 








Fic. 1. Circuit for measuring high-frequency resist- 
ance of a metallic conductor by the substitution method. 


brought into resonance with the impressed frequency, as indicated by 
the reading of the thermococouple ammeter. But since the ammeter 
available in the laboratory was inadequate or not sensitive enough for 
this indication, it was decided to use a D’Arsonval direct-current gal- 
vanometer with a vacuum tube thermocouple. In this way the resonance 
point can be indicated exactly. 

After this point was found, a standard resistance was substituted 
for the unknown, and this resistance was varied until the same current 
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or same deflection was indicated at resonance. ‘The standard resistance 

used was a dial box, built especially for high-frequency work. As this 

resistance was not continuously variable, the deflection at resonance 

could not be made exactly the same as the original one. For this 
reason the following method was used. 

The unknown resistance R was first inserted, and the deflection, D , 

x 


at resonance was observed. Then by throwing the double throw switch 
to the other side, the standard resistance, R,, was substituted and the 
deflection, D,, at resonance observed; and finally a known resistance, 
R,, was added and the deflection observed. Then from the following 
relations : 





n 
n 
E 
R,+R,+ R= => 
n = 2 
we obtain the equation: 
R,,- R, = R, I. 
T- 


where R is the total resistance of the circuit exclusive of R | RK , and R. 


Since the deflection of the galvanometer is proportional to the current 
flowing through it, we can write the equation: 


3 
a 
Dd, 


The results of this investigation are shown graphically in the 
figures on the following page. 

There was considerable difficulty in acquiring high accuracy in 
these measurements; much of this was due to the uncertainty of the 
variation of the capacities of the accessory apparatus, and to the sur- 
roundings. These stray capacities are impossible to be determined, and 
they may vary in an irregular manner. In this investigation, however, 
the conditions were kept exactly the same in all the measurements 
throughout, so that even though there were stray capacities, they did not 
vary very much. 
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The standard resistance used was a General Radio dial box which, 
as indicated by the manufacturer, was accurate to 0.25 per cent. 

The source used was powerful enough to give an induced current 
in the tuning circuit when very weakly coupled, so that when the circuit 
was tuned there was no effect whatever on the oscillator. 
a fairly constant voltage in each measurement. 

It is evident, from the above considerations and also from the 
smoothness of the curves as plotted, that this method affords a fairly 
accurate means of measuring the high-frequency resistance of metallic 
conductors. Its simplicity is such that it can be used in any laboratory 
possessing an oscillator, a wave-meter, and a sensitive alternating-cur- 
rent detector. 


Thus it gave 
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Fig. 2. Variation of resistance with frequency of straight solid “Advance” 
wires. Numbers on curves give size of wire, B. & S. gauge. 
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REACTIONS OF BORON TRICHLORIDE 
BY 
L. L. Quit. 
University of Illinois, Urbana. 


The chemistry of boron is very interesting when considered from 
the viewpoint of the modern theories of atomic structure. Boron seems 
to have a marked tendency to form compounds in which it apparently 
exhibits a valency greater than would be expected from its position in 
the periodic table. This is evident when one considers the hydrides, 
B.H,, B,H,,, ete. Using the regular valence scheme these would have 
structural formulas as follows: 


iv tf HH WH 
H-B-B-H ;  H-B-B-8-B-H 
HH HHHH 


In these compounds boron exhibits a valency of four. If compounds such 
as triphenylboron are reduced with alkali metals, compounds of the 
type NaB(C,H,), are formed, and when suitable solvents are used 
such compounds add a molecule of the solvent, as for example, 
NaB(C,H,),NH,. 

The extreme reactivity of the halides of boron is also of interest. 
It is necessary to carry out experiments on these materials in the 
absence of any moisture, since the halides hydrolyze very readily. With 
other substances of a similar nature, chemical reactions take place 
readily. 

Interest in the halides of boron is the result of attempts to plate 
out the element. The prevention of corrosion by plating certain mater- 
ials with other fairly unreactive materials has been the subject of much 
discussion and much research work in recent years. It has been thought 
that if iron, copper, and other industrial metals could be plated with 
boron, the plated material might have very beneficial properties, and 
would not corrode as readily as the unplated material. Further, since 
boron and other elements of that type have not yet been successfully 
plated, it would be a decided scientific advancement if boron could be 
plated. Investigations along this line have been conducted at the 
University of Illinois with the object of plating boron, tungsten, 
molybdenum, ete. So far it has not been possible to plate out the 
boron. Since the pure halides are non-conducting, it would not be 
possible to use them for this work. They can not be used in water solu- 
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tion, or in solvents which contain water, on account of the hydrolytic 
action. It may be possible to find some ionizing solvent which will per- 
mit the plating of the element. 

The reactions of the boron halides may best be explained by study- 
ing the electronic mechanism by means of which the atoms are held to- 
gether. An atom is made up of a nucleus which has a net positive 
charge, and is surrounded by orbits or shells containing electrons or 
negative charges of electricity. The outermost electrons in each atom are 
those which enter into the mechanism of the formation of chemical 
compounds, and these are generally known as the valence electrons. Dis- 
regarding the inner electrons we may represent the boron atom as 


&- and the chlorine atom as .¢); 


Chemical combination consists in the redistribution of the electrons 
among the atoms forming the molecule so as to produce more stable 
groupings. ‘This is effected with the formation either of electrovalencies 
or of normal covalencies or of co-ordinate covalencies. The electrovalen- 
cies are more commonly known as the polar, or ionizable, linkages. 
These are due to the transference of electrons from one atom to an- 
other. A molecule in which we find the typical polar linkage is NaCl. 
The sodium atom gives up one of its electrons to the chlorine atom, 
with the formation of the sodium ion and the chloride ion respectively. 
The non-polar non-ionizable, or covalent, linkages are due to the shar- 
ing of electrons between the atoms. Two electrons are involved in this 
sharing. These linkages may arise in two ways: (1) One electron is 
contributed by each atom, which gives the normal covalent bond, and 
which is limited like the electrovalencies to the periodic group of each 
atom. (2) Both electrons are contributed by the same atom, which gives 
the co-ordinate covalent bond. When these linkages are formed, the 
numerical value of the covalency is no longer dependent on the periodic 
group to which the atom belongs. The reason for the formation of these 
linkages is that they produce more stable groups of electrons than the 
isolated atoms possess, giving groups somewhat similar to those found 
in the inert gases. 

Boron trichloride is an example of the normal covalent compound. 
Its structure may be represented thus: 


:C/: 
B Cy: 
iC] 


It is observed that the covalent bond is made up of one electron fur- 
nished by the boron and one by the chlorine, giving a pair of electrons 
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shared by the two atoms. This type of bond is non-ionizable. Hence we 
see why the halides of boron are non-conductors. 

Observing the formula of BCl,, as written, more closely, we notice 
that it is possible for it to share two more electrons with some other 
atom, providing that the other atom has two electrons which it can share 
with the boron. A valency bond of this type, wherein two electrons for 
the linkage are contributed by one atom and shared by two, is called the 
co-ordinate covalent bond. This type of linkage is the secondary valence 
bond which is observed in the study of the complex compounds which 
were first studied in detail by Werner. 

With these few facts in mind, it is possible to study some of the re- 
actions of boron trichloride. One of the most characteristic properties 
of this compound is the ease with which it hydrolyzes. Because of this 
it is necessary to work with it and the other halides of boron in the 
absence of even minute traces of water. The difficulty of carrying on 
reactions with this compound is further complicated by the fact that it 
is a low boiling liquid, boiling at about 13° C. If we write the struc- 
tural formula for water in a similar manner to the way we have that of 
boron trichloride, thus : 


H:0:H 


we find that the oxygen atom has two pair of electrons which it may 
share with some other atom provided the other atom is capable of shar- 
ing electrons. The boron in the boron trichloride is in a position to act 
as an acceptor of a pair of electrons, and we obtain as a result: 


A chlorine atom is then eliminated with a hydrogen from the water and 
as a result, a hydroxyl group is substituted for one of the chlorines. The 
repetition of this process causes a complete hydrolysis of the boron 
trichloride, leaving the boron in the form of boric acid. 

A somewhat similar reaction takes place when borontrichloride and 
liquid ammonia are allowed to react. Ammonia may be used as the 
medium for a system of acids, bases, and salts, just as water is used. In 
the ammonia system, the -NH, group corresponds to the -OH group 
of the water system. The structural formula for ammonia may be writ- 
ten as follows: 


‘N:H 


a 
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The nitrogen in the ammonia has two electrons which it may share with 
some other atom. As in the case of water, these electrons are shared 
with the boron atom, giving us the following arrangement: 


OH 
BMH 
GH 


Here again, in the presence of the ammonia, a molecule of HCl is split 
off, giving a molecule of NH,Cl; and an amide group is substituted for 
a chlorine, just as a hydroxide group was substituted in the case of 
water. ‘The above mechanism may be repeated until all of the chlorine 
atoms have been replaced by the -NH, groups, giving boron amide and 
NH,Cl as final products. Joanniss' reports that the boron trichloride is 
completely ammonolyzed as mentioned above. Kraus? explains that the 
weight of the final product is not sufficient proof that the reaction takes 
place completely as described. He gives the following for the reaction 
of boron trifluoride and ammonia, which he has been studying: 


2BF,, + 2NH, = NH,BF, +- BF,NH, 


The weight of a mixture of the above two products would correspond to 
a compound formed by the addition of ammonia to the boron trichloride, 
BF,NH,. This reaction may be represented in the following way, using 
two molecules of each of the reacting substances : 


After the combination there is a splitting off of the two molecules. 

With amines; reactions very similar to those with ammonia, except 
that there is no splitting of the addition compound formed into other 
molecules. With triethylamine, the nitrogen of the amine shares two of 
its electrons with the boron of the trihalide and we have a triethylam- 
minoboron trichloride formed thus: 


GAp:C/: 


Gre V:B:C): 
Caltg) +f 





1 Joannis, Compt. Rend. 135: 1106 (1902). 
? Kraus and Brown, J. A. C. S. 51; 2690 (1929), 
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In a similar way, the mono- and diamino dichlorides may be formed, de- 
pending on which of the ethylamines was used in the process. 

With zine diethyl, borontrichloride will react according to the fol- 
lowing equation : 


37n(C,H,), + BCl, = 3¢nCl, + 2B(C.H,), 


In this case there is, first, a sharing of electrons by the chlorine atoms 
and the zine; and then, as the zine chloride splits off, the ethyl groups 
are joined to the boron, giving the boron alkide. 

With sulfur trioxide, we first have an addition compound formed 
with the boron halide. Sulfur trioxide may be said to have the formula: 


a, 
> QESKO? 


The addition compound can then have the formula: 


OS: OB: 
:C/: 


This addition compound is fairly stable, but if heated to 150° in a 
sealed tube, three molecules of the sulfur trioxide and two of the boron 
trichloride will react to give sulfuryl chloride and boric oxide, as 
follows: 


380, + 2BCl = 3S0,Cl, + B,0, 


With sulfur dioxide, one would expect an addition compound to 
form, inasmuch as the formula for sulfur dioxide is: 


:O:8:0: 


Both the oxygen atoms and the sulfur atom have available electrons 
which could be shared with the boron. This reaction is now being 
studied. So far the work has not progressed far enough to give any 
definite information regarding it. Since sulfur dioxide is an ionizing 
solvent, there is a possibility that the solution of boron trichloride in 
the sulfur dioxide might conduct the electric current. This will be tried 
later. 

In the work which has been done at the University of Illinois on 
the plating of boron, tetraethylammonium bromide was used as the 
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solvent for boron bromide. Using the simpler substance, ammonium 
bromide, we observe that the compound 


H:N:H: Br: 
H 


has electrons available to be shared with the boron, and the compound 


He, 
Ai:N:H1:br:B ‘Br: 
H ‘Br: 


commonly called ammoniumfluoborate is formed. It was not possible to 
plate boron from the tetraethylammonium bromide borontribromide ad- 
dition compound. The tetraethylammonium bromide differs from am- 
monium bromide in that an ethyl group is substituted for each hydrogen. 

There are a number of other reactions in which boron trichloride 
enters, but they are all of a similar nature to those discussed above. 
These reactions are nearly always due to the sharing of electrons by the 
boron and some donor atom, that is, one which has two electrons which 
it may share with the boron. 


* Mellor, “Comprehensive Treatise on Inorganic and Theoretical Chemistry.” 
Longman’s Green and Co., London, 1924, Vol. V, p. 122. 
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RECENT ADVANCES IN RARE EARTH CHEMISTRY 
bY 
L. L. Quitt anp P. W. SELWoop 
University of Illinois, Urbana. 


Increasing interest in the rare earths is indicated by the large num- 
ber of papers which have appeared during the past few years. The 
present article is a review of the more important recent advances in rare- 
earth chemistry with particular reference to those of a fundamental 
character including those carried out in the Chemical Laboratory of the 
University of Illinois. 

The principal source of rare earths for commercial and scientific 
work is monazite sand, vast deposits of which are found in India and 
in Brazil. The use of cerium misch-metal in tracer bullets and star 
shells has long been known, but an even more important use from a 
military standpoint has recently been suggested in the extraction of 
helium from monazite sands. As such, monazite constitutes the only 
practical source of helium outside the boundaries of the United States. 

Probably the most active division of rare-earth research during the 
past few years has had to do with spectroscopy. Numerous tables of 
wave-lengths have been published of which the work of Meggers’ may 
be singled out for special mention. He has determined the wave-lengths 
and Zeeman effects for about one thousand lines in the are and spark 
spectra of yttrium from 2,100 to 9,500 Angstrom units. Important 
work by King? on the temperature classification of the stronger lines 
of cerium and praseodymium has shown that while the longer wave- 
lengths in the emission spectra of these elements are produced by the 
neutral atom, in the blue and violet the more intense lines are produced 
by the ionized atom. 

Phillips* has investigated the visible radiation characteristics of in- 
candescent oxides. The oxides of the rare earths are unique in that 
when heated to incandescence they emit bands of light corresponding 
roughly to their characteristic absorption bands, rather than a general 
radiation. Some of the more recent publications on rare-earth spectra 
are of more interest to the physicist than to the rare-earth chemist. Of 
such may be mentioned the work of Jevons* on the band spectrum of 
lanthanum monoxide. Cathodic phosphorescence spectra continue to be 
a source of interest, and a method has been devised for estimating the 


1 Bureau of Standards Journal of Research 1, 319 (1928). 
2? Astrophysical Journal 68, 194 (1928). 
* Phys. Rev. 32. 832 (1928). 
*Pree. Phys. Soc. (London) $1, 520 (1929). 
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compositions of mixed phosphors by the positions of the phosphorescent 
bands*. 

Freed and Spedding® in California have studied the absorption 
spectra of rare earth crystals at low temperatures. Among their many 
interesting observations, one of the most striking is the evidence they 
have obtained indicating that samarium as commonly known is a mix- 
ture of two electronic isomers. Both magnetic susceptibility and spectral 
measurements indicate that the equilibrium between the two forms is 
displaced by change in temperature. 

Rare-earth absorption spectra is becoming a fertile field for the 
study of molecular structure and intra-molecular forces. Brunetti’, in 
an examination of the spectra of praseodymium salts, reports that the 
absorption bands tend with increasing concentration to take up positions 
similar to those they have in the crystalline state. This observation 
parallels that of one of the authors on neodymium nitrate, which will 
be described later. Ephraim* and co-workers have studied a large num- 
ber of rare-earth compounds by means of their reflection spectra, with 
particular reference to the interionic forces between cation and anion in 
various solvents. 

The unique property of the colored rare earth compounds in pos- 
sessing sharply defined absorption bands in the visible region of the 
spectrum has led during the past few months to an investigation of 
the displacement of electron shells when a rare-earth ion is approached 
by a neighboring ion. It is apparent that the electrical forces acting 
upon the electrons of an ion in dilute solution may be very different 
from those to be found in concentrated solution. We may therefore 
expect those properties of the ion which are dependent on the arrange- 
ment of the outermost layers of electrons to be modified by change in 
concentration or other external influence. This is precisely what takes 
place in the case of solutions of, say, neodymium nitrate. It has been 
found that the absorption bands of neodymium salts are displaced to- 
ward the red end of the spectrum when the concentration of the solution 
is increased. If now the spectrum of neodymium nitrate crystals is 
examined, it will be found that the bands have shifted still farther to 
the red. We may therefore conclude that whatever forces were produc 
ing the comparatively small shifts seen in the spectrum of the solution 
are acting to a more intense degree in the crystal. 

Now from the classical theory of dielectrics it has been shown that 
a shift of spectral bands to the red, that is to say, a decrease of spectral 


5 Ann, Physik. 84, 840 (1928). 

® Nature 1238, 525 (1929), Phys. Rev. 34, 945 (1929). 
™Nuovo cimento (N.S.) 5, 391 (1928). 

® Ber. 62B, 1509, 1520, 1639 (1929). 
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frequency, will be attended with an increase of refractive index. It 
has recently been shown by one of the authors that such is the case’ for 
neodymium perchlorate, and at the present time measurements are being 
made on other rare earth salts. Efforts are also being made to relate the 
changes in absorption spectra to other properties such as magnetic 
susceptibility, magnetic optical rotation, and dielectric polarization. 

During the course of this work a valuable application was found in 
the use of the europium absorption spectrum as a reference standard in 
spectrum photography. Ordinarily the positions of absorption or other 
spectral lines are determined by interpolation from known lines, gen- 
erally of iron, which are independently placed in juxtaposition to the 
unknown. For spectrum plates from which it is desired to make 
microphotometric curves, however, it is desirable to have some reference 
lines directly superimposed on the unknown spectrum and, if possible, 
put there at the same time. The comparatively few and exceedingly 
sharply defined absorption bands of europium salts are suitable for this 
purpose, and fortunately two or three grams of the rare and very costly 
europium were available, having been prepared by the authors during 
the past three years. In photographing the spectrum of, say, neodymium 
nitrate, a small quartz vessel containing a solution of europium nitrate 
was placed in the path of the incident light, so that the reference lines 
were automatically recorded on the photographic plate. 

The ionization potentials of the rare earth in relation to their 
position in the periodic system have been studied by Rolla and Piccardi’®, 
who used a method involving the electrical conductance of a flame in 
which rare earths were volatilized. The ionization potentials show a 
slight increase with increasing atomic number, but they show no indica- 
tion of the periodicity found in certain rare-earth properties, such as 
magnetic susceptibility and the recurrence of variable valence. Euro- 
pium, which shows the readiest reducibility, was unfortunately not avail- 
able for the measurements. 

The magnetic susceptibility of erbium sulfate octohydrate at low 
temperatures has been determined by de Haas, Wiersma, and Capel’®, 
who give full experimental details of the elaborate procedure required 
for these measurements. 

In the field of atomic weights, Boss and Hopkins"’, and Hénig- 
schmidt and Holch’’, have revised the atomic weights of erbium and of 
cerium respectively. The former is placed at 167.64 and the latter at 
140.125, both of which values have been accepted by the International 
Committee on Atomic Weights. 





* Phil. Mag. (7), 7, 286 (1929). 
*” Proc. Acad. Sci. Amsterdam 32, 739 (1929). 
4 Jour. Amer. Chem. Soc. 50, 298 (1928). 

127. Anorg. allgem. Chem. 177, 91 (1929). 
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The electromotive potentials of rare earth metals and their amal- 
gams have been measured by Miiller'*, the method, which involves the 
equilibrium between the metal and its ions in the form of the anhydrous 
bromide dissolved in pyridine, at once suggests the possibility of an 
analogous method in the preparation of the rare earth metals. Pre- 
liminary steps have already been taken by one of the authors for the 
preparation of metallic neodymium with every evidence of success. The 
pyridine solution of anhydrous neodymium chloride used is, however, 
such a poor conductor of electricity that only a minute quantity of the 
supposed metal has been obtained. 

Biltz and Meyer** have isolated a compound CeHg, from cerium 
amalgam. Such amalgams are pyrophoric if they contain more than 
15% of cerium. Andrieux’® has prepared the borides of cerium, lan- 
thanum, neodymium, gadolinium, yttrium, erbium, and ytterbium by 
electrolysis of the oxides in fused boric acid or borates. 

Of great interest during the past year have been the various in- 
vestigations dealing with the divalent and quadrivalent compounds of 
the rare earths. Pagel and Brinton'’® have prepared praseodymium 
dioxide of 99.2% purity by heating the sesquioxide in oxygen at high 
pressures. No higher oxides were, however, formed by the elements 
lanthanum, neodymium, samarium, gadolinium, erbium, or ytterbium. 
Klemm and co-workers*’ in Germany have suggested an ingenious sys- 
tematic classification of the rare earths from the standpoints of their 
physical and chemical properties. The halides of the rare earths have 
been studied by Klemm’® and by Jantsch and co-workers’® with some 
remarkable results. Almost pure samarium dihalides have been pre- 
pared by hydrogen reduction. The magnetic susceptibility of samarium 
dibromide shows a four or five-fold increase over that of the tribromide. 
Europium dichloride has been shown to be quite stable in aqueous solu- 
tion, and europous sulfate is formed as an amorphous white precipitate 
on the addition of a soluble sulfate. During the past few weeks this 
observation has been subject to brilliant confirmation in our own labora- 
tory by Dr. L. F. Yntema, who by electrolytic reduction in dilute sul- 
furic acid has achieved in one step an almost quantitative separation of 
europium and samarium. From considerations of atomic structure 
Klemm predicted that ytterbium would also form stable divalent com- 
pounds, and this has been found to be the case. It is probable that this 
element also will prove to be separable from its neighbors by reduction 


148 Monatsh. 53-54, 215, 224 (1929). 

4Z. Anorg. allgem. Chem. 176, 23 (1928). 

% Andrieux Thesis (1929). Chem. Abstracts 23, 4893 (1929). 

16 Jour. Amer. Chem. Soc. 51, 42 (1929). 

77%. anorg. allgem. Chem. 184, 345, 352 (1929); 187, 29 (1930). 

%Z. anorg. allgem. Chem. 176, 181 (1928). 

”Z. anorg. allgem. Chem. 185, 49 (1929); Monatsh. 53-54, 305 (1929). 
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and precipitation. If so, it will without doubt be the most important 
contribution made to rare-earth chemistry since the discovery of illinium. 

The catalytic behavior of rare-earth oxides has been the subject of 
several recent investigations, one of the most important of which has 
demonstrated that a ceria-thoria catalyst containing 0.96% ceria is most 
efficient for the oxidation of carbon monoxide.” This composition is 
precisely that used to obtain maximum light from the Welsbach gas 
mantle. Cremer** has studied the catalytic decomposition of ethyl 
alcohol with various elements of group three, while other investigators** 
have shown that the efficiency of nickel oxide as a catalyst for organic 
hydrogenation may be increased by the presence of ceria. 

The use of ceric sulfate as a volumetric oxidizing agent in analyti- 
cal chemistry has received much attention from Furman** and from 
Willard** and their co-workers at Princeton and Michigan, respectively. 
So numerous are the applications and advantages of this reagent that 
the reader must be referred to the original papers for particulars. 

A Japanese worker®® has discovered that certain rare earth com- 
pounds have a remarkable activating influence on galena used as a 
detector in wireless telegraphy. In the field of medicine it has been 
found” that metals of the cerium group produce an enormous increase in 
the white corpuscles of the blood without any attendant bodily disorder. 

After some thousands of series fractionations over a period of sev- 
eral years, the authors have been rewarded with about three grams of 
europium oxide. Europium is, next to illinium, probably the rarest of 
all the rare earths. It is of exceptional interest to the rare-earth chemist, 
not only because of its scarcity, but also because of its unusually sharp 
absorption spectrum, an application of which has already been described, 
and because of its ready reducibility to the divalent state. The europium 
material was concentrated and isolated from about 300 kilos of crude 
cerium-free rare-earth oxide, representing about three times that weight 
of monazite sand. The concentration was accomplished by fractiona- 
tion of the magnesium .double nitrate with the liberal use of bismuth 
magnesium nitrate, which permitted a practically quantitative separa- 
tion of europium and samarium. The europium has been found 
spectroscopically to contain less than 0.1% of samarium and gadolinium 
and none of any other rare earth. At present the atomic weight is being 
determined by the chloride to silver ratio, and the absorption spectrum 


2” J. Chem. Soc. (1928) 2667. 
1 Z. physik. Chem. A, 1454, 231 (1929). 

2 Ber. 61B, 1792 (1928). 

2% Jour. Amer. Chem. Soc. 51, 1128 (1929). 

* Jour. Amer. Chem. Soc. 51, 139, 149 (1929). 

% Jour. Soc. Chem. Ind. (Japan) $1, 476 (1928). 
*% Chem. Abstracts 23, 4743 (1929). 
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is being mapped by a method which has already indicated the presence 
of several hitherto undiscovered bands. 

The purification of europium was attended with the preparation 
of several hundred grams of pure samarium and about one hundred 
grams of pure gadolinium oxides. A new absorption band of the former 
has been found at 5,960 Angstrom units, but all efforts to detect in 
solution the bands in the visible reported by Freed for gadolinium 
chloride crystals have been unsuccessful. 

The preparation of very pure samples of rare earths has necessitated 
the development of sensitive methods for the detection and estimation of 
such impurities as might be expected to be present. One of the authors 
has therefore studied the applicability of the spectrographic method 
to the detection and estimation of traces of the elements manganese, 
magnesium, calcium, barium, silicon, bismuth, aluminium, beryllium, 
samarium, gadolinium, and lanthanum in various rare earth mixtures.” 
Such a method is particularly useful when the elements in question is 
present in the proportions of from 10 to 0.001%. In some instances 
it is possible to detect less than one part in a million of the impurity. 

Progress in the concentration and isolation of illinium continues 
to be exceedingly slow. Since the untimely death of Professor James 
of New Hampshire, only one paper bearing directly on element 61 has 
appeared, and it gave only negative results. J. Marsh®* investigated the 
small amount of rare earths obtained from pitchblende, but without find- 
ing any illinium. It appears from his work, and from that in our own 
laboratory, that the serial order of fractionation of rare-earth bromates 
is more dependent on the temperature at which crystallization takes 
place than was heretofore known. 

From work at present being carried on, it seems that illinium is 
much less abundant than any of the other rare earths. It is so scarce 
that by our present means of identification, which are sensitive to about 
0.1%, about three years of daily fractional crystallization, involving some 
tens of thousands of operations, must be done before the illinium may 
be detected. So closely does illinium resemble its fairly abundant neigh- 
bors, neodymium and samarium, that it may be ten years before it will 
be isolated. At the present time large scale operations are being con- 
ducted for the concentration of illinium from a ton of monazite residues 
in which it was originally discovered, from 250 pounds of gadolinite, and 
from smaller samples of various other possible mineral sources, including 
twenty pounds of the rare silicate “thalenite.” At the same time no 
efforts are being spared for the development of new methods and improved 
technique for the separation of all members of the rare-earth group. 


2 Industrial and Engineering Chemistry, Analytical Edition 2, 93, (1930). 
2% J. Chem. Soc. (1929) page 1387. 
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A PECULIARITY OF VISION IN ANIMALS WITH 
SLIT-LIKE PUPILS 


BY 
CLARENCE R. SMITH 


Aurora College, Aurora. 


How the world looks to the other fellow is a question of no small 
interest but one which can never be completely answered. With human 
eyes the ophthalmologist has gone far, however, in expressing the 
effects of differences in retinal structure and the effects of slight differ- 
ences in size and form of the refracting media. Most of the methods 
employed necessitate an intelligent cooperation on the part of the sub- 
ject and hence a greater barrier is at once introduced with respect to 
work with the lower animals. Even here, however, a consideration of 
the anatomical features together with the optical principles involved can 
lead to many reliable conclusions as to the nature of vision. 

In the cat and a number of other animals the pupil of the eye is 
slit-like in shape’, while the eye is in other respects quite similar to our 
own. In the cat the pupil is a vertical slit which in bright light becomes 
so narrow as to be almost closed and in dim light dilates to a true circle. 
In the horse and the goat the pupil is oval and horizontal. 

It was long ago suggested that an advantage to the cat in enlarging 
its pupils was, aside from admitting more light, to widen the angle of 
vision.? This would imply that when the pupil was slit-like, the field of 
vision would be narrowed horizontally. Indeed, a popular explanation 
at the present time is that the cat has a long vertical field of vision to 
enable it to more easily hunt its prey up and down trees, while the horse, 
being a grazing animal, is benefited by being able to see objects over a 
wide expanse to the right or left.’ 

A consideration of various aspects of the question seems to indicate 
that probably the relation of the shape of the pupil to the angle of view 
is not so prominent as has been supposed, unless possibly when the slit 
is very narrow. It must be remembered that the iris in the eye lies in 
close proximity to the crystalline lens and does not act merely as a win- 
dow to limit the field of view but acts as a true entrance pupil limiting 
the zone pencils to certain areas of the lens. It is true that the effective 

1Geo. Lindsay Johnson, “Contributions to the Comparative Anatomy of the 
Mammalian Eye.” Philosophical Transactions (London), Series B, 194, 1 (1901). 

2 William Porterfield, ““A Treatise on the Eye,’’ Edinburgh (1759). 


*Thomas Hall Shastid, “Our Own and Our Cousins’ Eyes,” booklet published 
by the American Optical Co., Southbridge, Mass. (1926). 
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pupil, being the image of the actual pupil formed by the cornea and 
aqueous humor, is slightly ahead of the actual pupil and it limits the 
field, but in any case the field is very wide as far as illumination is con- 
cerned. It is the definition which falls off rapidly for increasing angles 
of obliquity so that vision becomes very poor long before the margin of 
illumination is reached on the retinal surface. 

In man and doubtless other of the higher animals, distinct vision is 
limited to a field within a very small angle from the visual axis, and the 
entire image of this limited field falls within the fovea of the retina. 
Of course the broader field is also important in aiding the visual per- 
ception since it brings into consciousness the presence, position, and 
movements of prominent objects over a wide area, but for seeing dis- 
tinctly, the eye is rotated until the image falls upon the fovea. 

Another effect of a slit-like pupil has to do with spherical aber- 
ration. This does not appear to have been previously considered with 
reference to vision. In Figure 1 is illustrated the effect of spherical 
aberration with a lens in which only a slit-like area is employed. With 
an object at O, consider I, to be the position of the focal plane for rays 
passing through the central part of the lens and I, the position of the 
focal plane for rays passing through the outer parts of the lens. In the 
plane at I, the image of any point on the object will consist of a blur 
forming a narrow vertical line from a to b. From this fact it will ap- 
pear evident that vertical lines in the object will produce images with 
edges sharply defined, while thin horizontal lines in the object will pro- 
duce images as wide as from a to b and will appear greatly confused. 

If the accommodation of the eye is such as to bring the plane I, 
upon the retina as is probably done in concentrated vision upon a 
definite object, the effect will be less and a slight horizontal blur will be 
introduced. In no case can horizontal lines be as sharply focussed as 
can vertical lines for which the retina is in the plane I,. As far as the 
experiences of the cat are concerned, the differentiation of focus of ver- 
tical and horizontal lines should be most prominent for objects which are 
nearer or farther than the focal plane and which are yet within the field 
of what might be termed subconscious vision. A natural consequence 
would be that the depth of focus is greater for vertical than for hori- 
zontal lines. ‘The cat walking through a field where tall stems are prom- 
inent would get a clear conception of the vertical edges both far and 
near, whereas if the pupil were horizontal these same edges would ap- 
pear indistinct except immediately in the focal plane and even there not 
quite so distinct as with the pupil vertical. The actual arrangement is 
doubtless an advantage in the foraging activities of the cat since it 
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Fig. 1. Spherical aberration of a lens when only a silit- 
like area is used. 
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lamp filaments photographed with photographed with slit-like dia- 
a lens having a vertical slit-like phragm turned to horizontal posi- 
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tal rods photographed with a graphed with lens having a vertical 
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allows a reduction of the light intensity to a comfortable amount and 
still affords a kind of vision of maximum usefulness. 

The horse, with a horizontal pupil, should be able to see horizontal 
lines somewhat more distinctly, though the effect is probably not great, 
since the pupil never is so narrow as in the cat even in proportion to 
length. If a useful adaptation must here be ascribed, it might be sug- 
gested that since the horse’s eye is ordinarily higher above the earth than 
the cat and he makes use of more distant vision, it would be an advan- 
tage to have a clear perception of the horizon line, also the shore lines of 
streams of water and the boundaries of distant feeding areas. In the 
image of any distant landscape, horizontal lines predominate. 

To illustrate the effects under discussion, a number of photographs 
were made using a lens in which the ordinary diaphragm was replaced 
by a slit cut in a piece of black paper. For Figure 2 a set of laboratory 
support rods was arranged so that some of the rods were horizontal and 
others vertical and some were near while others were farther away. The 
camera lens was focussed for objects farther away than any of the rods. 
It will be observed that all the vertical edges appear fairly sharp while 
the horizontal ones are much diffused. The lens used in this and the fol- 
lowing photographs was a Hekla Anastigmat of 13.5 cm. focal length. 

For Figure 3, four incandescent tungsten lamps were set up in 
pairs at two different distances, each pair consisting of one lamp with 
filaments horizontal and one with filaments vertical. The near lamps can 
be identified in the figure from the fact that they appear to have the 
longer filaments. The lens was focussed for distant objects. Figure 4 
shows the appearance under the same conditions except that the lens was 
turned so that the slit was horizontal. The filaments blurred in the pre- 
vious photograph now appear more sharply defined. 

Still another effect which is closely related to those already con- 
sidered has to do with resolving power. Since the resolving power of a 
lens is increased with diameter of aperture it will be apparent that with 
a slit-like aperture, two points could be more readily resolved if on a 
line parallel to the slit. 

The effect of a slit-like pupil placed vertically may be summarized 
as follows: 

1. Vertical lines appear somewhat more sharp than horizontal 
lines, even at the best focus. 

2. Accommodation for focus of vertical lines might well be dif- 
ferent from that for horizontal lines in the same plane. 

3. Depth of focus is greater for vertical than for horizontal lines. 

4. Resolving power is greater for points separated on a vertical 


line. 
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TESTING THE RESOLVING POWER OF TWO SLITS 
WITH A BIPRISM 
BY 
R. W. TyLer 


University of Illinois, Urbana. 


The study of the interference pattern formed by two rectangular 
openings in a screen makes an interesting experiment for a college 
course in light because of its historical interest, its relation to resolving 
power, and its application to the measurement of stellar diameters. The 
parallel slit experiment, as it is commonly performed, consists of a 
measurement of the width of a distant slit source in terms of its dis- 
tance, the wave-length of light, and that separation of the diffracting 
slits which will just resolve the source. The interference fringes are seen 
through a telescope focused on the source. 

Two sources are said to be resolved if the maxima in the diffraction 
pattern of one coincide with the minima of the other. It is shown in 
treatises on light that the resolving power of two slits, i. e., the smallest 
angular separation of the two sources for which they can be dis- 
tinguished as two, is R—=1/2a==s/d; where / is the wave-length of light, 
a the distance between the centers of the diffracting slits, s the separa- 
tion of the two sources, and d their distance from the slits. Since, in re- 
solving a single slit, one must distinguish one-half from the other, it fol- 
lows that the width of such a source when just resolved is w==dl/a. 

If the interference fringes are to be distinct, the color must be pure 
and the source narrow, which makes a direct measurement of its width, 
for a check, difficult. Resolution, or blurring of the fringes due to super- 
position of maxima and minima, occurs for integral multiples of the 
separation, na. Now if w is small, the number of observed resolutions 
must be small, and the smallest distance between the diffracting slits, a, 
which will resolve the source must be large. Which means that the 
fringes, whose angular width is 7/2a must be very fine. 

The author has found the following modification of the experiment 
an improvement. As shown in the accompanying figure, a Fresnel 
biprism, P, is mounted on an optical bench in front of the slit source, S, 
thus producing two virtual sources, whose separation is found to be ap- 
proximately proportional to the distance, L, between the source slit and 
biprism. It is shown in the theory of refraction through a prism that 
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the rays which form the image lie close to the path of minimum devia- 
tion. It is seen from the figure that if the angle of deviation, D is a 
small angle, that the proportionality constant S/L will very nearly equal 
2D provided the prism is thin and JL is sufficiently large. The constant 
2D may be determined directly by the measurement of the separation of 
the images for two or more positions of the prism with the aid of an 
auxiliary lens as described in Taylor’s College Manual of Optics, page 
102; or it may be measured with a collimator, a rotating telescope with 
mirror attached and a reading telescope and scale. 











= 





The constant 2D for the prism used was found to be 0.0158. So, 
on a 1.5 m. bench the separation of the virtual sources can be varied 
continuously from 0 to 2.4 em. The diffracting slits do not need to be 
so widely separated as in the original experiment but may be so placed 
that the fringes are so broad and distinct as to be easily counted. One 
seeks now the position of the biprism for which the minima of the two 
overlapping patterns coincide. When the prism is near the source, the 
images are too near together to be resolved. Suppose five fringes are 
counted. If the prism is removed, there are still five. Now advance the 
prism slowly. Presently the central fringe splits in two. There are now 
six. Let n be the order of the resolution. L/n is found to be a constant, 
and (L./n) (2D/d)=I/a, or twice the resolving power. By reflecting 
back the light with a plane mirror, the telescope may be placed by the 
optical bench and the observer may also adjust the prism. If finer 
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fringes are used, the disturbance of the pattern due to the shifting of 
the fringes takes place more suddenly and extends to several of the cen- 
tral fringes or even to all. In this case the point where maxima coincide 
with minima is the most critical and the resolving power is expressed by 
the formula: (L/n) (2D/d)=1/2a. 

The phenomena may be observed with white light with the addition 
of interesting chromatic effects. The experiment may be performed with 
a white light and color filters. However, it was found much better to 
focus the spectrum of a 200-watt electric lamp on the plane containing 
the source slit, because the resolution points are much more sharply 
defined if the color is pure than if it is mixed. This has the additional 
important advantage that the apparatus may be calibrated with a known 
wave-length. Even better results are obtained with a mercury-vapor 
lamp and color filters. 

This modification of the parallel-slit interference experiment has 
several advantages. It is much more flexible, allowing a much greater 
range of resolving powers and much lower resolving powers with broader 
fringes and an opportunity to watch the motion of the individual 
fringes. It allows a much greater range of measurable source-breadths 
and a larger number of resolving points (as many as 10 or more) ; which 
considerably improves the accuracy of the check measurements. It may 
be performed with less-expensive apparatus. No traveling microscope is 
needed. An ordinary reading telescope is sufficient for viewing the 
fringes. Fixed instead of movable slits may be used. An incandescent 
lamp and alternating current give nearly as good results as a monochro- 
matic source and direct current. 
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ACOUSTICS OF LINCOLN HALL THEATER 
BY 
F. R. Watson 


University of Illinois, Urbana. 


The acoustical properties of an auditorium may be prescribed at 
the present time with certainty of success. The pioneer work of Wallace 
Sabine in 1900 set forth fundamental principles that have served for 
guidance in the adjustment of thousands of rooms. 

While Sabine’s principles have given generally satisfactory results, 
there have been occasional complaints, particularly from musicians. Also 
a number of scientists have been endeavoring to prescribe conditions that 
will give “optimum,” or perfect, acoustics. 

Some recent publications have set forth new ideas that furnish 
possibilities for improving acoustic effects. For instance, one investi- 
gation shows that the sound reflected from the walls of a room does not 
increase the loudness as much as commonly assumed. He shows that 
while the sound passing directly from a speaker to an auditor may have 
10,000 units of intensity, and the reflected sound added to this may give 
a total of 30,000 units, an apparent three fold increase—really the loud- 
ness is increased from 40 decibels for the direct sound to only 45 decibels 
when the reflected sound is added. (The loudness in decibels is obtained 
by multiplying the logarithm of the intensity by 10). 

This rather surprising result immediately suggests the possibility of 
omitting the reflected sound, particularly when it is remembered that the 
reflected sounds are responsible for the chief acoustic defects in the 
room,—the echoes, blurring of speech and excessive reverberation. 
Omitting the reflecting walls would give an open air theater, which has 
always been noted for having good acoustics, even as long ago as the 
time of the Greek Theater. In this connection, Knudsen found that 
speech was much better understood outdoors than in the best indoor 
theater. 

One other conclusion drawn from these recent studies is that a word 
in a speech is blurred when the sound reflected from the walls joins with 
the direct sound so as to produce a distortion. If the reflected sound 
comes one-tenth of a second later than the direct sound, it can be demon- 
strated that the vowels and consonants of the two sounds are mixed so 
as to produce a blurring. 





ol 


al 


wl 
W 


vit 
al 
th 
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If, however, the reflected sound comes only one-twentieth of a sec- 
ond or less after the direct sound, the word is beneficially strengthened. 
This means that reflecting walls should not be further distant than 
about 25 feet from the speaker if distortion is to be avoided. 

A further advantage in having the reflecting walls nearby allows 
the speaker to “hear himself,” so that he immediately is assured that his 
utterances are being heard; and also, he can adjust his performance 
until it sounds best. 

Two conclusions are to be drawn from these investigations: first, 
for the perfect generation of sound, there should be reflecting surface 
near the speaker; and, second, for comfortable listening, the reflection 
about the auditors should be reduced to approximate an out door 
theater. 

An opportunity to incorporate these two conditions in an auditor- 
ium was afforded in the construction of the Lincoln Hall Theater at the 
University of Illinois, because of the co-operation of Supervising 
Architect, James M. White. The theater is not large, having approxi- 
mately 800 seats, and is intended to be used principally for lectures, but 
a stage house allows opportunity for theatricals. When used for lectures 
the stage is shut off, with the lecturer on a platform in front of the stage 
curtain. Plane walls, placed diagonally at either side of the lecturer, re- 
flect sound to the audience and allow the lecturer to hear himself. The 
absorption in the auditorium is furnished by leather upholstered seats 
and by a highly effective material on the ceiling. The stage house is 
deadened by a number of heavy velour curtains that are intended pri- 
marily for decorative and lighting effects. Also, a huge plastered 
cyclorama at the rear of the stage acts as a reflecting surface, by which 
the actors may hear themselves. 

The outcome of the acoustics justifies the experiment. A general 
satisfaction prevails regarding the ease of hearing, not only for lec- 
tures but also for theatricals. The actors also find the conditions accept- 
able for plays. The theater gives opportunity for further experiments, 
and it is expected that the results should be instructive in the design of 
future auditoriums. 
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THE MAGNETIC PROPERTIES OF RARE-EARTH 
METALS 


BY 
EK. H. WitiiamMs 
University of Illinois, Urbana. 


Substances may be divided into three classes according to their 
magnetic properties: diamagnetic, paramagnetic, and ferromagnetic. 
According to most theories of magnetism, all substances possess the 
diamagnetic property. In addition to being diamagnetic any substance 
may be paramagnetic or ferromagnetic also. The latter properties in 
any substance, however, predominate to such an extent as to completely 
mask the diamagnetic property. 

Since the magnetic properties of substances must be intimately 
connected with their molecular or atomic structure, it is important to 
ascertain their magnetic properties along with other properties. One 
of the principal difficulties in the way of obtaining reliable magnetic data 
is the inability to obtain pure samples of the substances. Iron impuri- 
ties are especially troublesome, since a milligram of pure iron has as 
great magnetic effect as one thousand grams of most dia- or para-mag- 
netic substances. However, if the iron is present as an alloy its effect 
is very greatly reduced. Most of the iron compounds are paramagnetic, 
some of them having very low magnetic susceptibility. 

For many years Dr. B. S. Hopkins and his co-workers of the 
Chemistry Department in the University of Illinois have been interested 
in the production and purification of rare-earth compounds and elements. 
It has been the privilege of the author to obtain samples of these com- 
pounds and elements as they have been made, in order to determine 
their magnetic properties. I herewith acknowledge my indebtedness 
to these scientists for their cooperation. 

The work to be reported on at this time concerns the magnetic 
properties of some rare-earth elements, namely, cerium, lanthanum, 
praseodymium, and yttrium. The magnitude of the susceptibilities of 
these substances is approximately one-millionth that of iron, and there- 
fore they are classed as paramagnetic. However, unlike most paramag- 
netic substances, the susceptibility of the above rare-earth elements does 
not remain constant with varying field strengths but varies in a manner 
similar to that of ferromagnetic substances. This variation for cerium 
is shown in Table I. 
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In view of what has been said about the effect of impurities, one is 
naturally led to question whether or not there can be present an impurity 
such as iron, or other strongly magnetic substance, to such an extent as 
to cause the variation. 

The rare-earth metals used in this investigation were prepared by 
Professor H. C. Kremers of the Department of Chemistry in such man- 
ner as to guard against the presence of any iron. The compounds were 
carefully prepared and the metal deposited electrolytically. To have 
the effect shown in Table I the iron, if present in the form of an alloy, 
would have to constitute an appreciable percentage of the total. This 
is altogether unlikely so that one must conclude that if iron is present 
at all it is present in the free state. 


TABLE I 
MAGNETIC SUSCEPTIBILITY OF CERIUM 


Current in amperes = 321 
in electromagnet m 
R 138.0 
0.5 81.0 
0.8 52.0 
1.0 45.0 
2.0 30.5 
3.0 25.5 
5.0 21.8 
6.0 20.9 
7.0 20.4 


To test whether iron forms alloys with the rare-earth metals, ex- 
periments were conducted on mischmetal, which is a substance consisting 
mainly of cerium and yttrium. Two samples of commercial mischmetal 
were tested and analyzed. To commercial mischmetal varying amounts 
of pure iron were added. Each sample was tested and analyzed. The 
results are shown in Table IT. From the results for the susceptibility one 
must conclude that iron, in amounts up to seven percent at least, alloys 
with the mischmetal to form paramagnetic compounds. 


TABLE II 
MAGNETIC SUSCEPTIBILITY OF MISCHMETAL PLUS IRON 


(Current in electro-magnet = 6 amperes) 
Sample Percent Fe x «i 
m 
NII UN OAs casas aay aden ac oR ewer eeens 2.18 28.4 
a eS 2 nae Se 2.32 29.8 
POPE eka acivitoos bi canned omuata 3.14 30.8 
a eee rere rrr rer 4.16 39.6 
RE ME oot Gin wis 'w.0o a pion Shae OR RMR eS 5.20 45.3 
og eee eeper ye ree teen 6.46 50.0 


wh ENT RE ELE PPE Teer Pee 6.90 62.5 
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Table III shows the behavior of the prepared sample of mischmetal 
containing 6.46% Fe by analysis. Remembering that pure iron is about 
one million times as magnetic as mischmetal, it is evident that the iron 
alloys with the mischmetal to form a paramagnetic substance. 


TABLE III 
MAGNETIC SUSCEPTIBILITY OF MISCHMETAL-IRON ALLOY NO. 4 


Current in amperes = =i¢ 

in electro-magnet m 
0.3 87.0 
0.5 66.0 
0.8 54.0 
1.0 53.0 
2.0 51.8 
3.0 51.3 
4.0 50.6 
5.0 50.2 
6.0 50.0 


The behavior of lanthanum, praseodymium, and yttrium was similar 
to that of cerium except as to magnitude. The values of the suscep- 
tibility for very strong fields is shown in Table IV. 


TABLE IV 
MAGNETIC SUSCEPTIBILITY OF RARE-EARTH METALS AT 
SATURATION 
Substance x Sie 

m 
Se SG ais aso dp Ska cated deh BE eho: dO a eNews a UR eae aoa 20.4 
ENN, ois yk ee waka els RAE EE COTTER Ode eR ERI Oe 31.6 
RIUM SS 2 Sik bs 55h iciaiehe we Sg als bo Ria ad OTE a 31.0 
NE clas wo ilg r Nk cicia ausibin eben ¥ amiss GCE RG SOE RN ee 67.0 


Since the cerium in T'able I contains less than 0.01% Fe and, fur- 
thermore, since this amount is present in the form of a paramagnetic 
alloy, one must conclude that the cerium itself behaves like ferromagnetic 
substances in that its susceptibility varies with the field strength. 














Papers Presented in the Twenty-third Annual Meeting 357 


PAPERS IN GEOLOGY 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


Of the 23 papers contributed in the Section of Geology, two were 
read by title: “Origin of the Copeland Hole Basin, Rocky Mountain Na- 
tional Park,” by Margaret Fuller Boos, of Bartlesville, Oklahoma; and 
“The Tertiary Pleistocene of the Navajo Country in Arizona,” by A. W. 
Reagan, of Cornfield, Arizona. 

A paper by D. O. Taylor, of Northwestern University, on “A New 
Shale in the Chicago Area, and its Relation to the Devonian of North- 
western Indiana,” and one by M. M. Leighton on “A Historical Sum- 
mary of the Mineral Resources Investigation of Illinois,’ were read but 
not submitted for publication. 

The average attendance at the sectional meeting was 50. 

John R. Ball of Northwestern University, Evanston, was elected 
chairman of the section for the ensuing year. 

Frep R. JELLIFF, Chairman. 
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A RESTUDY OF THE INTERGLACIAL MOLLUSCAN 
FAUNA OF TORONTO, CANADA* 
BY 
FRANK CoLLins BAKER 
University of Illinois, Urbana. 

The most complete Pleistocene biota at present known is contained 
in certain sands and clays of Toronto, Ontario, Canada. These have 
been extensively studied by Coleman (1906,1915) and the fauna listed. 
The insect fauna is nearly all of extinct species, but the molluscan 
fauna is listed as of the same species living today. Of the mammal 
fauna, about half are extinct. 

The age of the Toronto deposits is not clear. Coleman first placed 
them in the Sangamon interval and later in the Aftonian interval. More 
recently (1927) he placed the beds in the Yarmouth interval. The 
writer (1920, p. 327) has thought that they represented the Sangamon 
interval. The mammalian fauna is quite unlike that of the Aftonian, 
which contains camels, horses, and other mammals which became ex- 
tinct about the middle of the Pleistocene. The age might be either 
Yarmouth or Sangamon, and this cannot be determined without a de- 
tailed stratigraphic study of the region in comparison with other regions 
where the oscillations of the Wisconsin ice sheet may help in the de- 
termination of the character of the drift beds above the fossil-bearing 
clays and sands. 

As one of the most complete faunas known, it was thought that a 
restudy of the Toronto molluscan fauna might throw some light on the 
relationship of this fauna to others of known geological horizons. The 
most extensive molluscan fauna known is found at Chicago, where 95 
species and varieties have been thus far listed (Baker, 1920). This 
fauna is post-Wisconsin in age and represents the time when glacial 
Lake Chicago and Lake Michigan were in the making. Another ex- 
tensive fauna, also post-Wisconsin, is located at Niagara Falls in gravel 
deposits (Letson, 1901). Thirty species are here represented. The 
present reidentification indicates a molluscan fauna of about 30 species 
at Toronto. It is probable, however, that many small species have been 
overlooked in this region, which would swell the list to as many, or per- 
haps more, than are found at Chicago. 


* Contribution No. 62 from the Museum of Natural History, University of 
Illinois. 
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Through the kindness of Dr. Coleman and of Dr. Parks, Director of 
the Royal Ontario Museum of Palaeontology, a series of the Toronto 
Mollusca was sent to the writer for study. Of the 41 names listed by 
Coleman, all but 12 were represented. During the twenty-five vears 
which have elapsed since the list of Coleman was published, the nomen- 
clature of the fresh-water Mollusca has changed radically and our 
knowledge of recent and Pleistocene faunas has greatly increased, so 
that a comparison of the Toronto species with those found in other de- 
posits is quite profitable. Unfortunately, there are no interglacial 
faunas of the naiades of any considerable extent known. From the 
Aftonian, Shimek (1910) lists three species which are all different from 
those at Toronto. A few fresh-water gastropods are also listed, but these 
have not been re-examined from the more modern standpoint and can- 
not be compared with the Toronto fauna for this reason. 
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mation concerning the Niagara Falls fossils; to Miss Winifred Golding 
and Mr. Edwin J. Stein of the Museum staff for photographs of critical 
species of these fossils; and to Dr. V. Sterki for determining the 
Sphaeriidae contained in the ‘Toronto collection. 


NOTES ON THE TORONTO INTERGLACIAL FossiLs 

The specimens received from the Royal Ontario Museum are 
commented upon below. Comparisons are made with the fauna at 
Chicago and also at Niagara Falls. The latter has been reidentified, and 
a table showing the original published names and the reidentification 
names is appended. A table of the Toronto fauna as listed by Coleman 
and as reidentified is also appended. The comparative distribution of 
species in the three formations will be found of interest and value, show- 
ing at a glance the differences in the general make-up of each. The 
names used in the following notes are those in the writer’s “Fresh 
Water Mollusca of Wisconsin,” published in 1928. 

Amblema rariplicata (Lamarck). 

The single specimen in the Toronto material, from Taylor’s brickyard, is 
not undulata (costata), nor even the recent lake form called plicata, but the 
large river form called rariplicata. The umbones are high, full, and rounded, 
not depressed. It is apparently the species found at Chicago, which was re- 
ferred to both peruviana and costata (undulata) but appears more like the 


large river form so abundant in Illinois and Indiana. It does not occur at 
Niagara Falls. 
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Quadrula pustulosa (Lea). 


Taylor’s brickyard. All specimens are referable to typical pustulosa. 
None examined is schoolcraftensis (prasina). All specimens from the Toronto 
deposit are small (length 50, height 48, diameter 3l1mm.), more compressed 
and less pustulose than the same species from the Chicago deposits. They are 
more like specimens from southern Indiana and Arkansas. This species does 
not occur in the Niagara Falls deposits. 


Pleurobema cocconeum solida (Lea). 


Taylor’s brickyard and Don Valley brickyard. Coleman’s references to 
Unio trigonus (= Fusconaia trigona), Unio coccineus, Unio solidus and 
Unio pyramidatus are all founded on variations of solida. These specimens 
are like the solida of the Ohio River near Cincinnati for the most part, but 
some specimens resemble the Mississippi River variety called mississip- 
piensis by the writer (1928, p. 121). The Toronto specimens are totally un- 
like the coccineum found at Niagara Falls and Chicago, which appear refer- 
able to Pleurobema coccineum catillus for the most part, although some speci- 
mens in the Chicago fauna are like solida in the high umbones. The Chicago 
coccineum were listed by the writer as variety magnalacustris, but the ap- 
proximation was incorrect. Some flat specimens somewhat resemble the 
Lake Erie variety but the shell is much larger and heavier and clearly of the 
river form of coccineum exemplified by catillus. The Toronto shells are very 
different from any form in the Niagara Falls or Chicago faunas. 

Elliptio dilatatus (Raf.) 


Unio gibbosus and Unio phaseolus of Coleman’s list. From Taylor’s 
brickyard and bend of the Don. The Toronto dilatatus are rather small and 
very solid, resembling forms living in the medium-sized rivers, as the Win- 
nebago River in Illinois and the upper Wabash in Indiana. They also re- 
semble some examples of variety sterkii but are on the whole larger, with 
a more squarely truncated posterior end. They are exactly like some of the 
forms of this species found in the Chicago deposits. The Unio phaseolus in 
the Toronto collection is a large specimen of gibbosus (dilatatus), height 42, 
length 76, width 27 mm., somewhat resembling the figure 188 of the Niagara 
Falls report (Letson, 1901). No specimens of phaseolus were found in the 
Toronto collection. 


Anodonta grandis Say. 


No specimens of this species occurred in the Toronto collection sent for 
examination. No Anodonta are recorded from the Niagara deposits and only 
fragments were found in the Chicago deposits. It is probable that the form 
represented at Toronto was one of the northern varieties, possibly footiana. 


Obovaria olivaria (Raf.). 


Taylor’s brickyard. Recorded as Unio clavus by Coleman. Four valves 
are represented in the collection, two right and two left, one pair forming 
a complete shell. These specimens are slightly more elongated and have the 
umbones nearer the anterior end than in the more general manifestation of 
the species in the rivers of Illinois and Indiana, but they are undoubted 
olivaria and not Pleurobema clava. In the anteriorly-placed umbones and 
elongated form they differ from any olivaria yet examined and might easily 
constitute a Pleistocene variety of the species. 


Ptychobranchus phaseolus (Hildreth). P. fasciolare (Raf.) 

The specimen listed as this species in the Toronto material is Elliptio 
dilatatus, as recorded above. Ptychobranchus phaseolus is not found in the 
Chicago deposits but is contained in the Niagara Falls deposits, figure 185 
of Letson’s paper being this species and not Lampsilis (Ligumia) ellipsi- 
formis as listed. Curiously enough, this shell is like the lake form described 
as variety lacustris F. C. Baker (1928, p. 52) from Chautauqua Lake and not 
like the typical river form of the species. 
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Ligumia recta (Lamarck). 

Taylor’s brickyard. The Toronto specimen in the collection is like the 
small form of the Lake region, typical recta. The Niagara Falls specimens 
are apparently the same. The Chicago form is more like the river form, 
variety latissima. 


Lampsilis siliquoidea (Barnes). 

Taylor’s brickyard, bend of the Don. Listed as Unio luteolus by Cole- 
man. The specimens are very small and the shells are very thick. They 
somewhat resemble the variety rosacea living in Lake Erie, Lake St. Clair, 
and Saginaw Bay, Michigan. They more nearly resemble the very thick, 
wide form living abundantly in Winnebago Lake, Wis., which the writer 
has named variety chadwicki (Baker, 1928, p. 279), having the same well- 
rounded valves and thickened hinge line. They cannot be referred to 
siliquoidea, the typical river form, and perhaps might be included in a 
variety peculiar to the Pleistocene. 


Lampsilis ventricosa (Barnes). 

Listed as Unio occidens by Coleman. In the absence of specimens for 
comparison it can only be conjectured what form may be represented in the 
Toronto deposits. The species is not recorded from the Niagara gravels. A 
form of ventricosa occurs in the Chicago deposits which is different from 
any of the described varieties. It is not canadensis nor is it lurida. The 
shell is thin and the umbones are elevated and placed just anterior of the 
center of the dorsal margin. 


Sphaerium sulcatum (Lam.). 


Listed as sulcatum and simile. Found in Chicago deposits but not in 
the Niagara Falls gravels. 


Sphaerium striatinum (Lamarck). 

Taylor’s brickyard. No typical striatinum were found in the lot sent to 
Dr. Sterki, who reports that while they belong to the striatinum group, they 
are not that species. Typical striatinum occurs in both the Chicago and the 
Niagara Falls deposits. 


Sphaerium emarginatum Prime. 


Taylor’s brickyard. Included in specimens listed by Coleman as 
striatinum. Emarginatum occurs in the Chicago deposits. 


Sphaerium solidulum (Prime). 
Not observed in the Toronto material received. This species occurs in 
the Chicago deposits but not in the Niagara Falls deposits. 


Sphaerium,. Of the striatinum group. 

Winchester Street, Toronto, Don beds. Listed as rhomboideum. Dr. 
Sterki is in doubt concerning the correct name of this lot. It is not 
rhomboideum. 


Pisidium compressum Prime. 
Bend of the Don and Winchester Street, Toronto. Listed by Coleman as 
both compressum and adamsi. All are compressum. Noveboracense is listed 
by Coleman, but none was found in the material received. It would appear 
probable that many more species of Pisidium, as well as of Sphaerium, 
should be found in the Don beds. Seven species of the family are listed in 
the Niagara Falls list and 35 species in the Chicago list, all determined by 
Sterki. 
Valvata tricarinata (Say). 

Winchester Street, Toronto, Don beds. Typically tricarinate but with 
the spire much depressed. Occurs abundantly at Chicago and Niagara Falls. 
In the latter deposits the form is mostly variety perconfusa, while in the 
Chicago deposits the typical form and three varieties occur. 
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Valvata perdepressa Walker. 

Adares sandpit, Shaw Street, Toronto. Listed by Coleman as sincera. 
The specimens are exactly like the recent perdepressa from Lake Ontario 
near Rochester, N. Y. and the deposit is probably post Wisconsin and not 
interglacial. The sand pits in western Toronto, mentioned by Chalmers are 
probably also Post Wisconsin. No Valvata referable to sincera are contained 
in the Toronto material and it cannot at present be determined just what 
species this reference was based on. True sincera occurs in the Niagara de- 
posits but not in the Chicago deposits. 


Campeloma rufum (Haldeman). 

Winchester Street, Don beds (interglacial), embryonic shells; Adare’s 
sand pit, Shaw Street, Toronto (post-Wisconsin). The Shaw Street specimens 
are like the recent form of rufum found in Lake Michigan. The Niagara 
Falls specimen is the same. Recorded as Campeloma decisum by Coleman. 


Amnicola. 


The absence of the characteristic fossil Amnicola leightoni Baker from 
the Toronto deposits is worthy of note. Amnicola limosa Say and variety 
porata Say are listed by Coleman, but specimens so labelled prove to be of 
other species, as noted below. Amnicola leightoni occurs in both the Niagara 
Falls and the Chicago deposits. This species may be present but has been 
overlooked. 


Cincinnatia cincinnatiensis (Anth.). 

Winchester Street, Toronto, Don beds. Recorded as Amnicola porata by 
Coleman. Characteristic specimens resembling material from Seneca Lake, 
N. Y. Occurs in the Chicago deposits but not at Niagara Falls. The Amni- 
cola sagana (typographical error for sayana) probably belongs here, al- 
though no specimens so labelled are in the collection. 


Vancleavia emarginata canadensis (F. C. Baker). 

Winchester Street, Toronto, Don beds (recorded as Bythinella obtusa). 
Same locality listed as Amnicola limosa. The Toronto specimens are rather 
more truncated at the apex than in typical canadensis from the recent fauna. 
Occurs in both the Niagara Falls and Chicago deposits. 


Birgella subglobosa (Say). 

Listed as Somatogyrus isogonus by Coleman. Isogonus is the river form 
with closed umbilicus while subglobosus is the lake form with open umbili- 
cus. The latter occurs at Chicago but not at Niagara Falls. This species is 
so characteristic that it could not be confused with any other species. 


Pleurocera acuta Rafinesque. 


Winchester Street, Toronto and bend of the Don. Listed by Coleman as 
Pleurocera subulare, elevatum, and lewisi. While there is some variation, all 
are referable to the lake form so common in the Great Lakes today. Occurs 
at Niagara Falls and Chicago. 


Goniobasis haldemani Tryon 

Winchester Street, Toronto, bend of the Don. A specimen in the material 
sent is labelled Goniobasis depygis Say. As depygis is listed as well as 
haldemani by Coleman it may be that Goniobasis livescens might have been 
determined as depygis. However, no specimens of livescens occurred with 
the material received for examination. 


Lymnaeidae. 


None of the lymnaeids were contained in the Toronto material. Cole- 
man lists Limnaea decidiosa and L. elodes. The first might have been either 
Fossaria obrussa Say or the variety decampi Streng, both of which occur in 
Pleistocene deposits, the latter, however, more abundantly. Specimens 
labelled desidiosa from Niagara Falls proved to be Fossaria exigua upon ex- 

















TABLE OF COMPARATIVE DISTRIBUTION 


CHICAGO 


Fusconaia undata 
Amblema rariplicata 
Quadrula pustulosa 
Quadrula quadrule 
Cyclonaias tuberculata 
Pleurobema catillus 
Elliptio dilatatus 
Elliptio crassidens 
Laemigona costata 
Anodonta grandis,var. 
Alasmidonta calceola 








Obovaria reflexa 
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NIAGARA FALLS 





TORONTO 








Quadrula pustulosa 





Pleurobema catillus 
Elliptio dilatatus 





Amblema rariplicata 
quadrula pustulosa 
Pleurobema solida 

Elliptio dilatetus 








Anodonta grandis,var. 
Alasmidonta calceola 
Alasmidonta marginata 
Ptycho. phaseolus 

















Truncilla truncata 
Proptera alata,var. 
Ligumia ellipsiformis 
Ligumia iris 

Ligumia lienosa 
Ligumia recta 
Lampsilis rosacea 
Lampeilis lurida 








Obovaria olivaria,var. 


























Ligumia recta 
Lampsilis rosacea 








Ligumia recta 
Lampsilis rosacea 
Lampsilis ventricosa,var. 


TABLE OF COMPARATIVE DISTRIBUTION 


CHICAGO 


Campeloma rufum 
Valvate tricarinata 
Valvata perdepressa 





Amnicola leightoni 
Amnicola gelida 

Cincin. cincinnatiensis 
Vancleaveia canadensis 
Pyrgulopeis letsoni 
Birgelle subdglobosa 





Pleurocera acuta 
Goniobasie livescens 








Lumnaea jurularie 
Stagnalis elodes 
Stagnalis reflexa 
Stagnalis umbrosa 
Stagnalis jolietensis 
Stagnalis woodruffi 
Stagnalis caperata 





obrussa 

decampi 

exigua 

striata 
trivolvis 
Helisoma pseudotrivolvis 
Helisoma campanulata,var. 
Menetus exacuous 
Gyraulus obliguus 
Gyraulue altissims 
Ferriseia parallela 
Ferrissia fusca 

Physa sayii 

Physa integra 

Physa walkeri 


Physa gyrina 


Fossaria 
Fossaria 
Fossaria 
Helisoma 
Helisoma 


NIAGARA FALLS 


Campeloma rufum 
Valvata tricarinata 





Valvata sincera 
Amnicola leightoni 


TORONTO 


Campeloma rufum 
Valvata tricarinata 
Valvata perdepressa 














Vancleaveia canadensis 
Pyrgulopsis letsoni 





Pomatiopsis scalaris 
Pleurocera acuta 
Goniobasis livescens 
Goniobasis niagarensis 
Goniobasis haldemani 





Cincin.cincinnatiensis 
Vancleaveia canadensis 





Birgella subdglobosa 





Pleurocera acuta,var. 





Goniobasis haldemani 











Stagnalis elodes 























Stagnalis niagarensis 











Fossaria obrussa 





Fossaria exigua 
Helisoma striata 

















Gyraulus altissimes 

















Physa niagarensis 











Helisoma striata 
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Gyraulus altissimus 








Physa sayii 








Physa niagarensis 
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amination. Fossaria obrussa, var. decampi, and F. exigua occur in the Chi- 
cago deposits. Without specimens the true relationship of these small Fos- 
saria cannot be determined. The larger elodes is more or less common in 
Pleistocene deposits under the recent name of Stagnicola palustris elodes 
(Say). This occurs in the Chicago deposits but not in the Niagara Falls 
deposits. 


Helisoma antrosum striatum (F. C. Baker). 


This snail, listed as Planorbis bicarinatus, is the common form of antrosa 
(=bicarinata) in Pleistocene deposits. It occurs in both the Niagara Falls 
and Chicago deposits. 


Gyraulus altissimus (F. C. Baker). 

Listed by Coleman as Planorbis parvus Say. All of the Pleistocene speci- 
mens of the small planorbes, with one or two exceptions, are referable to 
altissimus and not to parvus. This species (altissimus) occurs abundantly 
throughout the whole of the Pleistocene, from Aftonian to post-Wisconsin 
time. It is abundant in the Niagara Falls deposits, where it was listed as 
parvus, and is also abundantly represented in the Chicago deposits. 

Physa niagarensis Lea. 

Winchester Street, Toronto. Listed by Coleman as Physa heterostropha. 
Also listed by Letson from the Niagara Falls deposits as heterostropha. All 
of these are referable to the small Physa called niagarensis by Lea which is 


abundant at the present time in many places near Lake Ontario. The Chi- 
cago species is apparently typical integra Hald. 
Physa sayii Tappan. 

The Physa listed by Coleman as ancillaria is apparently the same as the 
form found in the Chicago deposits and referred to sayii. In the author’s 


Pleistocene (1920) this is listed as warreniana, but this is a wholly different 


species not found in Pleistocene deposits as far as now known (see Baker, 
1928, I, p. 437). 


TABLE OF NIAGARA FALLS GRAVEL MOLLUSCAN FAUNA 
Listed by Miss Letson Reidentification 
Pleurocera subulare Pleurocera acuta Rafinesque 
Goniobasis livescens Goniobasis livescens (Menke) 


Goniobasis livescens niagarensis G.livescens niagarensis (Lea) 
Goniobasis haldemani Goniobasis haldemani Tryon 


Amnicola limosa 
Amnicola letsoni 
Bythinella obtusa 


Pomatiopsis lapidaria 
Valvatea tricarinata 
Valvata sincera 
Campeloma decisa 
Limnaea columella 
Limnaea desidiosa 
Limneea catascopiun 


Physa heterostropha 
Planorbis bicarinatus 
Planorbis parvus 
Sphaerium striatinum 
Sphaerium stamineum 
Pieidium virginicum 
Pisidium compressum 
Pisidium abdditum 
Pisidius ultramontanus 
Pisidium scutellatum 
Lempsilis rectus 
Lampsilis ellipsiformis 
Alasmidonta calceola 
Alasmidonta truncata 
Unio gibbosus 

Quadrula solida 


Qeadrula coccinea 


Amnicola leightoni F.C.Baker 
Pyrgulopsis letsoni(Walker) 
Vancleaveia emarginata 
canadensis(F.C.Baker) 
P.lapidaria ecalaris F.C.Baker 
Vv. tricarinata perconfusa Walker 
Valvata sincera Say 
Campeloma rufum(Haldeman) 
Pseudosuccinea columella(say) 
Fosearia exigua(Lea) 
Stagnicola catascopium 
niagarensis(F.C.Baker) 
Physa niagarensis Lea 
Helisoma antrosa striata(F.C.Baker) 
Gyraulus altissimus(F.C.Baker) 
Sphaerium striatinum(Lanm. ) 
Sphaerium tae re pln na 
Pisidium virginicum(Gmelin 
Pisidium compressum Prime 
Pisidium abditum Haldeman 
Pisidium ultramontanum Prige 
Pisidium ecutellatum Sterki 
Ligumia recta(Lemarcx) 
Ptychobranchus phaseolus(Hildr.) 
Alaemidonta calceolus(Lea) 
Alasmidonta merginata Sa 
Elliptio diletatue (Ref. 
Pleurotema coccineum 
catillus (Conrad) 
Pleurobema coccineum 
Catillus (Conrad) 
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A study of the comparative table of the fauna of the ihree deposits 


Niagara Falls deposits. 


Niagara Falls fauna. 


em, if such was present, 


The Toronto fauna, as at present known, 
variations not included in either the Chicago cr 
This is especially true of the naiades, 

which there is a tendency to vary in a way similar to the fauna now 
On the whole the Toronto fauna may be 
said to resemble the Wabash River fauna.as at present known more than 
This might indicate a migration by way of an 
interglacial Maumee outlet of a Sangamon or Yarmouth Great Lake 
as appears probable. 
Pleurobema solida, Elliptio dilatatus, Obovaria oliwaria, and Lampsilis 
siliquoidea rosacea are not like any of the variations of these species liv- 
ing or contained in post-Wisconsin deposits. 


Such species as 


The gastropod fauna ap- 


pears to be similar to other interglacial faunas and also to the Chicago 
and Niagara Falls post-Wisconsin faunas. 


Not enough material of this 


group, however, is available for study to satisfactorily determine this 
The apparent absence of many small species of 
the Toronto fauna, as Amnicola leightoni, 


gastropods from 


Amnicola gelida, Fossaria 


obrussa decampi, Valvata lewisvi, as well as many of the smaller Sphaeri- 


TABLE OF THE TORONTO MOLLUSCAN FAUNA 


Listed by Coleman 


Unio undulatus 
Unio rectus Lamarck 

Unio luteolus Lamarck 

Unio gibbosus Barnes 

Unio phaseolus Hildreth 

Unio trigonus Lea 

Unio coccineus Conrad 

Unio occidens Lea 

Unio solidus Lea 

Unio clavus Lamarck 

Unio pyramidata Lea 

Anodonta grandis Say 

Unio pustulosus Lea 

Unio pustulosus schoolcraftensis Lea 
Sphaerium rhomboideum (Say 
Sphaerium striatinum(Lamarck) 
Sphaerium eulcatum(Lanarck) 
Sphaerium simile(Say) 
Sphaerium ecligakent?riae) 
Pisidium adamei Prime 
Pisidium compressum Prime 
Pisidium noveboracense Prime 
Pleurocera subulare (Lee) 
Pleurocera elevatum (Say) 
Pleurocera lewieii(Lea) 
Gontobasie depygis Say 
Goniobasis haldemani Tryon 
Limnaea decidiosa Say 
Limnaea elodes Say 

Plenorbis parvus Yay 
Planorbis bicarinatus Say 
Asnicola limosa (Say) 


Authors 


Amnicola porata(Say) 
Amnicola sayana Anth. 
Bythinella obtusa (Lea) 
Physa heterostropha Say 
Physa ancillaria Say 
Somatogyrus isogonus (Say) 
Valvata sincera Say 
Valvata tricarinata {sey) 
Campeloma decisa(Say) 


Reidentification 


Amblema rariplicata (Lamarck) 
Ligumia recta(Lamarck) 

Lampsilis siliquoidea rosacea(DeKay) 
Elliptio dilatatus (Raf. } Variety 
Elliptio dilatatus (Raf. Variety 
Pleurobema coccineum solida a 
Pleurobema coccineum solida(Lea 
Lampsilis ventricosa (Barnes) Var. 
Pleurobema coccineum solida(Lea) 
Obovaria olivaria(Raf.) 

Pleurobema coccineum solida(Lea) 
Anodonta grandis Say. Variety 
Quadrula pustulosa(Lea 

Quadrula pustulosa(Lea 

Sphaerium new species 

Sphaerium emarginatum(Prime) 
Sphaerium sulcatum(Lamarck 
Sphaerium sulcatum(Lamarck 
Sphaerium solidulum(Prime) ? 
Pisidium compreseum Prime 

Pisidium compressum Prime 

Not examined 


Pleurocera acuta Rafi Variety 
Pleurocera acuta Raf. Variety 
Pleurocera acute Raf. Variety 
Goniobdasie haldeman! Tryon 


Goniobasis haldemani Tryon 

Fossaria obrusea(Say) ? 

Stagnicola palustris elodes(Say) ? 

Gyraulus altissimus(F.C.Baker) 

Helisoma antrosa striata(F.c. = 

Vancleaveia emarginata canadensis 
— 

Cincinnatia cincinnatiensis(Anth.) 

Not examined 

Vancleaveia emarginata canadensis 

Phyea niagarensie Lea 

Physa sayii Tappan 

Birgella subdglobosa (Say) 

Not examined 

Valvata tricarinata(Say) 

Campeloma rufum(Haldeman) 





366 Transactions of the Illinois State Academy of Science 


idae so abundant in other deposits, indicates either that these species 
have been overlooked in sorting material or that they were absent from 
the Toronto fauna. 

It is apparent that more intensive collecting in the Toronto deposits 
is urgently needed. ‘The clays should yield a large number of the small 
gastropods and pelecypods. The deposits near Shaw Street, in western 
Toronto are apparently not interglacial but post-Wisconsin in age, the 
presence of Valvata perdepressa, a species known only from the post- 
Wisconsin deposits of the Great Lakes region, indicating this age rather 
positively. 

SUMMARY AND CONCLUSIONS 


The Toronto formation is undoubtedly interglacial, and represents 
either the Sangamon or the Yarmouth interval. The molluscan fauna is 
characteristic and not exactly like that of any later fauna. It is different 
from the post-Wisconsin faunas at Chicago and Niagara Falls, especially 
as regards the naiades. The deposits at Shaw Street, in western Toronto, 
are not interglacial but post-Wisconsin in age. A large quantity of 
material from the Don beds should be collected and studied in the light 
of recent molluscan classification. The Shaw Street deposits should be 
carefully studied with reference to their correlation with the fauna of 
the Niagara Falls gravels. Other exposures of supposed interglacial de- 
posits bordering the shores of Lake Erie and Lake Ontario should be 
studied. This is especially true of the Ontario peninsula. Well borings 
in southern Ontario might also provide data throwing light on the dis- 
tribution of these interglacial beds. 
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THE RELATION OF GEOLOGY TO THE DEVELOPMENT 
OF THE PETROLEUM INDUSTRY IN ILLINOIS* 
BY 


ALFRED H. BEtu 


State Geological Survey, Urbana. 


The position of Illinois as an oil-producing state is illustrated by 
the fact that it has produced up to date more than 390,000,000 barrels 
of oil, or about 3.2 per cent of the total so far produced in the whole 
United States. Our state’s rank among oil-producing states has dropped 
from third in 1908, the time of the highest production, to eleventh in 
1928, and because no major oil fields have been discovered in Illinois in 
the past twenty years the belief has gained ground that possibilities for 
the discovery of important new productive areas are exhausted. A study 
of the facts, however, indicates that such a belief is not well founded. 
The recent discovery of oil pools on local anticlinal structures in the 
deeper parts of major structural basins in Michigan and in west Texas 
has an important bearing on the oil prospects of parts of Illinois. It 
is conceded that much of the success of the operators in the southwest 
in discovering new fields is due to the work of their geologic staffs. We 
believe that the discovery of new production in Illinois in the future 
will depend more and more on geological work. 


DEVELOPMENT OF PETROLEUM GEOLOGY 


The application of geology to the problems of petroleum exploration 
and production began in the Appalachian field through the work of 
government surveys and universities, but geology was practically un- 
used by the operators of that field at the time of maximum development. 

Petroleum geology first came into general use in the southwestern 
states where the absence of glacial drift and the presence of numerous 
outcropping key beds facilitated the mapping of structure from surface 
observations. Many tests of favorable structures have been made in the 
past thirty years, so that now untested favorable structures discoverable 
by surface observations are on the whole scarce. But there are large 
areas where the surface features give little or no indication of the 
structure of the deeper strata and where conditions are known to be 
locally favorable for oil accumulation, and therefore petroleum geologists 
are now concerned mainly with subsurface studies. 


* Published with permission of the Chief, Illinois State Geological Survey. 
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Valuable aids to the study of subsurface geology have come into 
use in the past few years in the southwestern states, namely, (1) in- 
tensive study of drill cuttings from complete sets of samples, (2) micro- 
paleontology used with sample studies in correlation, (3) core-drilling 
to shallow key-horizons to determine structure before undertaking deep 
drilling, (4) geophysical methods, the more important of which are 
gravitational, seismic, and magnetic. Notable success in the discovery 
of new oil pools has resulted from the use of all of these methods in the 
mid-continent and gulf coast areas. 


EARLY DEVELOPMENT 


The business of petroleum production began as did other mineral 
industries through the efforts of practical men, and the early exploration 
for petroleum was carried on with little or no scientific guidance, largely 
by “rule-of-thumb” methods. The first successful oil well in America 
was drilled in 1859 near Titusville, Pennsylvania—the famous Colonel 
Drake well. Drilling in the Appalachian field proceeded rapidly during 
the next few years. The time of greatest drilling activity for the eastern 
states is approximately indicated by the time of maximum annual pro- 
duction as shown in the following table: 


TNE Sixedw i divecaeuewe’ Pore Terr ee 1882 
RENNIN 6 is Auee cep rsieeaeontontnt . 1891 
NE Pee eT EE ee Te vite So 
PE TON hse csdewen civeuisdva vee han .. 1900 
eee ii eeeeingen pondveeedneehese). 


PRON Gio Suis axa ctu ue ee alee a hiie aaa. ee 


DEVELOPMENT OF THE ILLINOIS FIELD 

The majority of the producing wells in Illinois were drilled be- 
tween 1905 and 1911. The time of greatest drilling activity was there- 
fore somewhat later than it was in the states of the Appalachian region. 
The present State Geological Survey was organized just at the time that 
this intensive drilling campaign was beginning and from the first has 
pursued a policy of cooperation with the petroleum industry. That this 
policy was a vigorous one is illustrated by the fact that in 1906, only one 
year after the organization of the Survey, a comprehensive bulletin on 
the industry was published, namely, Bulletin 2, “The Petroleum In- 
dustry of Southeastern Illinois,’ by W. S. Blatchley. Numerous bul- 
letins have been published from time to time, describing structure, 
recommending areas favorable for testing, and reporting on previous 
development. 
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In spite of the efforts of the State Geological Survey the full im- 
portance of geology in the business of petroleum development was not 
realized by the operators. Consequently a great many wells were drilled 
without adequate logs being kept, and the saving of complete sets of 
samples was practically unheard of. For the great majority of the wells 
in the southeastern Illinois field the operators were content with “skele- 
ton” logs which recorded only the depths to the top and bottom of the 
oil sand or sands and possibly one or more coal beds. As a result much 
less is known about the structure and stratigraphy of Illinois than would 
be if accurate and full well logs had been kept. 

As a matter of fact, the old-style petroleum geology, which was 
first widely applied in the mid-continent field, and which was mainly 
concerned with the study of surface features, was not suited to Illinois 
because so much of the state’s area is covered by glacial drift. The newer 
methods mentioned above which have been widely and successfully used 
in the southwest, namely micropaleontology, core-drilling, and geo- 
physies, have not yet been tried out in Illinois on any extensive scale. 


Ot POSSIBILITIES 


There still remains a large area in Illinois in which the oil pos- 
sibilities of the deeper strata have not been tested. An area 70 miles 
wide from east to west and 100 miles long from north to south, lying 
between the Centralia field on the west and the La Salle anticline on 
the east, is practically untested. This area includes the deepest part 
of the Illinois structural basin, and in it the base of the Pennsylvanian 
strata lies at depths of as much as 2,400 feet. Very few wells have pene- 
trated the Chester series and none have gone deep enough to test the 
basal Chester sands which have given some of the best production in 
Lawrence County to the east and in the Sandoval and Carlyle fields 
to the west. The strata which underlie the Chester are, of course, also 
untested in this area. The fact that an important oil field is located on 
a local anticline near the deepest part of the Michigan structural basin, 
namely, the Mount Pleasant field, suggests that production similarly 
located with respect to structure should be looked for in Tllinois. 

Prospecting for oil in the deeper parts of the Illinois basin will, 
no doubt, be expensive and difficult, as it is in Michigan and elsewhere. 
The presence of glacial drift and the great depth of drilling necessary 
to test all possible producing formations make for high costs. Ultimate 
costs incurred in the production of any oil which may exist in the 
territory will be kept to a minimum if full use is made of scientific aid. 
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The best combination of methods for studying subsurface condi- 
tions in the Illinois structural basin to guide test-drilling will have to 
be found by experience. Such a study should begin with the construc- 
tion of the best possible subsurface structure maps that can be made 
from the available data. Core-drilling to shallow key-beds is recom- 
mended as the most precise method for determining the structure of the 
Pennsylvanian strata. Although a major unconformity exists at the base 
of the Pennsylvanian system it is likely that important folds in the 
pre-Pennsylvanian beds are reflected in the Pennsylvanian strata. The 
relation between structures in Pennsylvania and older strata is incom- 
pletely known, and for this reason it is especially desirable that com- 
plete sample sets should be preserved for all deep wells drilled. The 
samples should be studied by a geologist familiar with the area and by 
a micropaleontologist. Micropaleontology will possibly be useful in 
correlating, particularly the Pennsylvanian and Mississippian strata, and 
accordingly may assist in determining structure. The extent to which 
geophysical methods may be useful in oil prospecting in Illinois is not 
yet known. 


A small amount of wildcat drilling is in constant progress in Ili- 
nois, and present indications are that wildcat activity will increase. 
Most of the operators are now cooperating with the State Geological 
Survey in providing samples and well logs, and there is every reason to 
believe that the newly acquired geologic data will help to find new pro- 
duction. 
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CAVERNS AND ASSOCIATED FEATURES OF THE 
VALLEY OF VIRGINIA 
BY 
ARTHUR BEVAN 


Geological Survey, University, Virginia. 


It is the purpose of this paper to give a brief summary of the 
geology, physiography, and physiographic history of part of the Appa- 
lachian Valley in Virginia, with emphasis upon the numerous caverns, 
the famous Natural Bridge, the unique Natural Tunnel, and the events 
of geologic history which led to their origin. 


Geologic provinces of Virginia.—As the southern boundary of Vir- 
ginia is about 440 miles long, with the southwest corner of the State 
being in the longitude of west-central Ohio, the State lies in several 
geologic and physiographic provinces. These are, from east to west, 
(1) the Coastal Plain, (2) the Piedmont Plateau, (3) the Blue Ridge, 
(4) the Appalachian Valley, or Valley and Ridge province as it has been 
recently designated,’ and (5) the Appalachian Plateau. This discus- 
sion is concerned only with the Appalachian Valley. 

The Appalachian Valley.—Between the imposing east front of the 
mountainous part of the Appalachian Highlands, or Blue Ridge, and the 
east front, in places called the Allegheny Front, of the broad dissected 
Appalachian plateau to the west, is a remarkable lowland, the Appala- 
chian Valley, which extends from central Alabama northeast through the 
length of the Appalachian Mountains. It consists in general of an al- 
most continuous eastern lowland, the Great Valley, and a coextensive 
series of prominent more or less parallel to sub-parallel linear narrow 
ridges and alternating valleys on the west. Ridges predominate in the 
northwestern part of the Appalachian Valley in Virginia but valley- 
like lowlands are more abundant in the southeastern part. 

Valley of Virginia.—The Great Valley in Virginia is commonly 
known as the Valley of Virginia. As concisely described by Stose* it 
“extends for over 300 miles from the north boundary to the south 
boundary of the State, bending to west-southwest in its southerly portion. 





'Fenneman, N. F., Physiographic divisions of the United States; Annals Assoc. Am 
Geog., vol. 13, pp. 261-353, 28. 
?Stose, G. W., Virginia Geological Survey, Bull. 23, p. 5, 1922. 
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Although it is occupied by parts of several large drainage systems—the 
Shenandoah, James, Roanoke, New, and Holston rivers— and is in 
places notably dissected by these rivers and their tributaries, and, al- 
though the floor of its several parts stands at various altitudes between 
500 feet and 2,500 feet above sea-level, it is, nevertheless, when examined 
in a broad way, seen to be a single, generally broad flat-bottomed valley 
everywhere several hundred feet, and in places 2,000 to 3,000 feet, below 
the summits of the Blue Ridge on the east and the Valley Ridges on the 
west.” 

The Valley of Virginia is divided by projecting and transverse spurs 
into five rather distinct valley lowlands, which are in a northeast-south- 
east series like huge flat beads on a string. Shenandoah Valley to the 
northeast is the largest, and of chief concern in this discussion. In 
Virginia, it is about 150 miles long and from 10 to 20 miles wide. It 
is locally constricted by spur ridges and also divided lengthwise by Mas- 
sanutten Mountain, a very prominent medial ridge in the northern 
third of the valley. 

Geology of Shenandoah Valley.—The west slope of the Blue Ridge, 
along the east side of Shenandoah Valley, consists mainly of sand- 
stones, quartzites, shales, and limestones of Cambrian age. The floor 
of the valley is underlain chiefly by shales and limestones of Cambrian 
and Ordovician age. The limestones occur in broad extensive northeast- 
southwest belts. Bounding ridges on the west contain highly resistant 
sandstones, mostly of Silurian age. Other formations along the west 
side of Shenandoah Valley, or in ridges and valleys to the west, are 
composed of shales and sandstones with few limestones, which range in 
age from Cambrian to lower Mississippian. 

The Cambrian to Mississippian formations of the Appalachian Val- 
ley are enormously thick. Their total thickness is more than 20,000 
feet, and may be considerably more. The Cambrian-Ordovician lime- 
stones and shales in Shenandoah Valley are at least several thousand 
feet thick. Some limestones are a few thousand feet thick. 

Although the stratigraphic and structural relations of the Valley 
are complex, the field studies of numerous workers have shown that the 
structure of the Valley may be briefly described as a series of huge north- 
east-southwest folds broken by numerous faults. The highly folded struc- 
ture is characteristic of the region east of the more gently folded and 
warped Appalachian Plateau. Some of the anticlines have been so closely 
folded that the beds have been broken. In places slaty cleavage is well de- 
veloped even in the limestones. The faults are mainly overthrusts from 
the southeast. 
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Cavern characteristics.—The Valley of Virginia contains numerous 
caverns, some of which are famous, with others becoming better known 
each year. The features of the various caverns can not be described 
in this brief paper; rather only some features that they have in common 
can be indicated. 

The caverns occur in definite northeast-southwest belts of limestone 
along the anticlines in the Valley. They appear to be definitely related 
also to the erosion levels which are so prominently developed in the 
Valley. Detailed studies, however, will be necessary before the relations 
can be fully determined, but some suggestions are made below. Most 
of the caverns that have been explored are exceptionally large, comparing 
favorably, in this respect, with the largest known caverns of other 
regions. Each cavern contains a wealth of stalactites, stalagmites, and 
other deposits, commonly in fantastic and striking arrangements. 

Origin of the caverns.—Following prolonged deposition of an enor- 
mous thickness of sands, muds, and limy muds during the Paleozoic era 
in the various troughs of the great Appalachian geosyncline, late Paleo- 
zoic mountain-building forces crushed and crumpled the formations into 
a mountainous tract of large sub-parallel folds, many of which were 
broken by great overthrust faults. During this time the limestones were 
in places much broken and shattered. 

During subsequent geologic time the folded Appalachian tract has 
undergone erosion by streams, ground-water, and other agents, with 
the result that the folds have been planed across, forming several partial 
peneplains, or old floors of extensive valley systems. Remnants of four 
of these peneplains are well shown in the Valley of Virginia. ‘The 
lowest, and best-preserved, is called the Valley Peneplain. It forms 
the broad, gently rolling floor of Shenandoah Valley, and other similar 
lowlands of the Great Valley in Virginia. After the formation of this 
peneplain, further uplift has renewed stream erosion, so that the present 
streams are, in general, several hundred feet below this surface. 

The beveling of the folds has exposed the belts of limestone be- 
tween parallel belts of less soluble rock. Hence, in a word, ground water 
has been enabled to attack these zones of planed limestones, especially 
where the structure is most favorable, gradually dissolving out caverns 
of great size. As the surface streams cut more deeply into the uplifted 
Valley peneplain, underground streams and the general movement of 
underground waters in places formed caverns with rooms at several 
levels. 

The Natural Bridge—The famous Natural Bridge of Virginia is 


also largely a product of solution by ground-water. It is a great lime- 
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stone arch, 198 feet high and with a span of 90 feet, across Cedar Creek, 
a small tributary of James River. Different interpretations of its origin 
have been made,* but each emphasizes the part of underground solution 
along channels in the limestone. 

Natural Tunnel.—A somewhat similar feature is the unique 
Natural Tunnel in Scott County, Southwest Virginia. Here a large 
channel has been eroded through the almost horizontal beds of a pro- 
jecting spur. 

Other features.—The Valley of Virginia contains other features, re- 
sulting from the cycle of ground water erosion, which can only be men- 
tioned here. Sink-holes are numerous in some areas. Some are of the 
collapse type, due to the infall of cavern roofs, whereas others appear to 
be of the swallow-hole type. 

A unique feature in Virginia is Mountain Lake, about three-fourths 
mile in diameter, at an elevation of 4,000 feet on Salt Pond Mountain, 
Giles County. It appears to have been formed by the choking of the 
outlet of a large sink. 

In many places, where the soil and subsoil are removed from the 
limestones in quarrying or in mining for residual ores, typical pinnacles 
of a karst topography are found to be excellently developed. 

Summary.—The work of ground-water in the limestone belts of the 
Valley of Virginia has been of great importance in producing many 
significant and interesting features, among which are numerous large 
caverns, Natural Bridge, Natural Tunnel, a mountain lake, as well as 
an abundance of sinks and limestone pinnacles. Many features remain 
to be studied in detail. 

3 Gilmer, F. W., On the geological formation the Natural Bridge of Virginia: 

Trans. Amer. Phil. Soc., 1, pp. 187-192, 1818. 

Walcott, C. D., The Natural Bridge of Virginia: Nat. Geog. Mag. 5, pp. 59-62, 
Reede CA , The Natural Bridge of Virginia and its environs, Nomad Publishing 
Co., Kong New York, 62 pp., 1927. 


Malott, C. as Origin and development of Natural Bridge, Virginia: Am. Jour. 
Sci., 5th ser., vol. 19, pp. 257-273, 1930 

















Papers Presented in the Twenty-third Annual Meeting 375 


THE ORIGIN OF COPELAND LAKE BASIN IN ROCKY 
MOUNTAIN NATIONAL PARK, COLORADO 
MARGARET FULLER Boos 
Bartlesville, Oklahoma. 


Copeland Lake has been for many years a landmark at the entrance 
to the Wild Basin region in Rocky Mountain National Park. It lies 
near the lower end of the huge compound glaciated valley drained by 
the North St. Vrain River and is within a few hundred feet of the South 
St. Vrain highway which leads to the park from the south (Figure 1). 
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Fic. 1. Sketch map to show location of Copeland Lake and its relation- 
ship to the esker and lateral moraines. 


Recent History 

Originally Copeland Lake occupied the lower part of an oval basin, 
without inlet or outlet, extending a quarter of a mile from east to west 
and half that distance from north to south. The water level fluctuated 
with the seasons, and forests of yellow pine clothed the surrounding 
ridges. Several years ago some water from the North St. Vrain River 
was diverted into the western end of the basin so that the level of the 
lake was raised to within ten or fifteen feet of the crest of the ridges 
which enclose the basin. In the spring the waters overflowed the rim at 
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the southeast and a shallow wooden flume was constructed to fill the 
notch, preventing erosion at that point and also carrying off the surplus 
water. 

In June of 1929 the flume became undermined by seepage and the 
whole rim went out, the entire ridge being trenched to the bottom of the 
basin in a few minutes as the waters swept an outlet forty to fifty feet 
deep, three hundred feet across, and more than a hundred feet through 
(Figure 2). 


ORIGIN OF THE BASIN 


The oval basin of Copeland Lake lies in the southern edge of the 
massive north lateral moraine deposited by the Wild Basin Glacier dur- 
ing the late Pleistocene. This basin appears to be a simple kettle, judg- 
ing from its position in the moraine, bounded on the north by the inner 
and lowermost of the compound lateral ridges making up the north 
moraine (Copeland) and on the south by a curving ridge of similar 
height and appearance. Actually, the basin is more complex. 

The section made by the outlet through the ridge enclosing the 
basin at the southeast shows nearly forty feet of stratified sand and silt, 
gravel, and thin layers of till. Inspection of the rim of the basin shows 
abundant erratic boulders on the north and west inner slopes but none 
on the south and east, merely a trace of a sandy and pebbly beach. The 
northern side of the basin is bounded by a ridge of true drift which is 
part of the lateral moraine, but the southern and eastern sides are en- 
closed by an esker which formed a loop in its course along the main 
valley, curving so as to touch the moraine at two points and enclose 
the oval basin of Copeland Lake. 

Early in the retreat of the Wild Basin glacier from its farthest 
advance a mile east of the lake site, a large block of ice may have been 
stranded against the southern side of the lateral moraine. It became 
partly buried in debris, but the hollow once established as it melted was 
maintained. As the glacier melted westward a cave, or re-entrant, in 
the margin became the debouchure of waters within the ice, and the 
debris carried by the escaping stream was dropped in a continuously 
lengthening ridge, or esker, whose course was generally at right angles 
to that of the ice front. The esker was built around the eastern and 
southern sides of the stranded ice block. 


Retreat of the glacier was interrupted by several readvancements, 
as evidenced by thin layers of till and gravel interbedded with fine 
stratified sands and silts. It appears that first the glacier deposited a 
thin layer of ground moraine. As it retreated fluvio-glacial material 
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Fic. 2. Above. View of Copeland Lake basin from near the inlet. The 
ridge on the skyline is the south lateral moraine about a mile away, the out- 
let of the basin shows as a v-shaped cut through the esker ridge, and the 
small delta built by the artificial inlet is in the foreground. The strand line 
of the greater lake created by the artificial inlet shows near the crest of the 
esker in the middle distance. 

Below. View of Copeland Lake basin from the east end, north of the 
outlet created by the flood of June, 1929. Note the boulders of the moraine 
bounding the basin show in the lower right-hand corner, where they merge 
with the sand of the esker shown in the lower left-hand corner. Note the 
many stumps of trees which were killed by raising the water level when the 
artificial inlet was made. On the right and left show the lateral moraines 
of the glaciated valley, with Copeland Mountain in the distance. The view 
is up the North St. Vrain, looking towards the head of the Wild Basin 
region. 
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was concentrated into a ridge, so that the course of the esker was de- 
termined by the piling up of several feet of stratified sand. he ice 
margin readvanced and left a thin layer of till over the outlines of the 
esker without destroying it, and then again melted back, pouring over 
it a thick layer of sand and silt. During the next advance of the glacier 
the esker was covered with a thick layer of coarse gravel and boulders. 
Following this, melting waters of the glacier as it retreated concentrated 
more than fifteen feet of sand and silt on the esker, and finally the wan- 
ing ice coated the esker with a thin layer of gravel. Apparently none of 
the advances of the ice had sufficient force to destroy the esker, and each 
retreat emphasized its bulk by fresh additions of sand and silt. 

In general the beds of the esker dip ten to fifteen degrees towards 
the basin of Copeland Lake. This suggests that the waters poured off 
the esker slope towards the depression created as the ice block melted, 
or it may be that the dips result from the slumping towards the basin 
as the supporting ice block vanished. 

There are remnants of esker structures west of Copeland Lake 
basin and in line with it, not far from the north lateral moraine. From 
their location it appears that there may have been a chain of depressions 
together with their attendant lakes, but much of the evidence has been 
obliterated by floods of the North St. Vrain River. It appears that 
such depressions were formerly more or less connected in series with 
Copeland Lake basin and of similar origin. 
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GEOLOGY FOR EVERYONE 
BY 
D. L. Carroii 


State Geological Survey, Urbana. 


Educational records show that no more than 50 of the 900 high 
schools of Illinois make any attempt to teach the essentials of earth 
history to their students. This means that most of our boys and girls 
of today are growing up with mistaken ideas, or with no ideas at all, 
about the nature of the earth on which they live; about its origin and 
the geologic processes which have made it what it is and which are still 
in ceaseless operation; or about local geological conditions in various 
parts of the state. Unless they go on to college, there is little chance that 
they will ever assimilate this most broadening of all information. 

Like most areas of similar size, Illinois has had a surprising and 
interesting history which we can read from the various rock formations 
and glacial deposits which are present within its area. The facts about 
this earth history as applied to our state should be common knowledge. 

During the past twenty-five years the State Geological Survey has 
been accumulating a vast amount of such information on our geology, 
paleontology, physiography, and mineral resources. This information is 
mostly in published form and is, of course, available to all who desire 
it; but most of it is presented in a technical manner and is therefore 
unsuited for proper dissemination among the people in general, who 
support the investigations, and the hundreds of high-school science 
teachers in Illinois who have in many ways indicated a need for it in 
their very important work. 

There is no question, then, as to the positive existence of a long- 
neglected field for extension work on the part of the State Geological 
Survey; nor is there any question as to our obligation in inaugurating 
a practicable and definite program of educational cooperation which will 
adequately meet the situation. With the help of local educators, we have 
worked out what we believe to be a sound program, by which certain 
new services are made available, especially to science teachers. ‘The pro- 
gram will function in four ways: 

(1) The State Geological Survey will publish a series of educa- 
tional bulletins in which the facts about the marine submergences, min- 
eral resources, glacial invasions, coal beds, and petroleum accumulation 
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in Illinois will be simply and interestingly related from the standpoint 
of the state as a whole. Other educational bulletins will present the 
geological stories of specific local areas in the state. These bulletins 
are primarily intended to inform the high-school teacher and the layman, 
but they will be interestingly written in language sufficiently simple to 
make them eligible for use as supplementary reading material for high- 
school classes. 

(2) The Survey is preparing to distribute to the high schools 
representative collections of the common rocks, minerals, and fossils of 
Illinois. Two different sets will be supplied to each school petitioning 
for them. One set is to be used for exhibition in the school, and the 
specimens will be mounted on a backboard suitable for cabinet framing, 
with a descriptive label below each. The other set will be composed of 
loose specimens for actual class use. A supplementary study manual, 
in which the various mineral resources of Illinois are discussed, is now 
in manuscript form, and printed copies of it will be distributed with the 
collections. 

(3) The Survey is offering the services of certain members of its 
staff for the purpose of conducting field trips in various parts of the 
state for groups of teachers and others who wish to obtain first-hand in- 
formation on the facts of earth history and general geology. For this 
purpose the state has been divided into six districts, in each of which 
one trip will be given each year. Especially important localities will 
be visited repeatedly, but as far as possible, general yearly repetition will 
be avoided for obvious reasons. The trips will be held on Saturdays, two 
in the spring and four in the fall. Groups are being organized in each 
district for the trips to be given this year, and it is expected that they 
will continue to function permanently as earth-history field-study clubs. 
The first trip this year will be held on May 10, in the Fox River Valley, 
north of Elgin. Later, trips will be made to the Starved Rock and La 
Salle region, the Quincey region, the Rock Island area, the Mattoon and 
Effingham area; and one excursion will be devoted to a tour through 
on of the large coal mines of southern Illinois. 

(4) Certain members of the Survey staff can be secured to de- 
liver occasional illustrated lectures or addresses on various subjects re- 
lated to our investigations, before teachers’ meetings, civic gatherings, 
ete. 


Our program has been announced to the teachers in several ways: 
by newspaper and magazine articles, letters, mimeographed forms, and 
by verbal announcements before various sections of the annual meeting 
of the state high-school teachers’ conference. The reaction of the teachers 
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to our plan has been very favorable. So far, they are showing especial 
interest in our projected field trips and in the sets of rocks, minerals 
and fossils which will soon be distributed. 

The motivation of this whole field of educational extension will con- 
stitute an attractive occupation, since it actually amounts to teaching 
under ideal cireumstances—the presentation of the facts of earth history 
to different groups in all parts of the state; groups of intellectually 
mature people, with a manifested and active interest in the most broaden- 
ing and intimate of all sciences. Their interest will be either purposely 
or unconsciously transmitted to their students, which is our ultimate 
purpose ; and I venture to predict that the students’ interest will be re- 
flected by a marked increase in the number of registrations for courses 
in geology in the colleges and universities of the state. 
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A GEOLOGICAL HISTORY CHART BUILT 
OF ROCKS AND FOSSILS 
BY 
A. R. Crook 
State Museum, Springfield. 
(Reap sy W. M. KroGMan) 


About five years ago the thought came to me that the majority of 
the thousands of visitors at the Illinois State Museum—the ordinary 
tourist, the farmer, the miner, the business and professional man, the 
politician, and the even larger number of women and children who come 
—might be interested in some device which would present the geological 
story briefly, without too much detail and without the necessity of bend- 
ing over a series of cases which required minute study and observation. 

To present historical geology, wall charts have long been employed 
especially by the Germans and other European peoples, and these charts 
are familiar equipment in our university class rooms. But the average 
visitor at a museum comes to us to see objects rather than diagrams, and 
he may even be suspicious of diagrams. However, he is at once attracted 
to a large chart made of rocks and fossils. 

In order that a world view rather than a local one might be pre- 
sented we took into consideration much that is known of the geology of 
Australia and China, as well as that of Europe and America. 

On a panel 22 feet high and 20 feet wide, built of spruce lumber 
covered with black cloth, 2 feet from the left side are angle irons 1 foot 
apart, between which is a rock column of the formations characteristic 
of each of the systems beginning with the Archean and extending up to 
the Pleistocene. The total thickness of known rock strata was assumed 
to be 400,000 feet, and since this is to be represented in a column 22 feet 
high a certain number of inches is assigned to each system in proportion 
to its typical thickness. It is, of course, difficult to decide what thickness 
should be chosen as typical, since conditions vary so greatly in different 
portions of the globe, and the question would also be whether to choose 
the maximum thickness reported or an average thickness. The conclu- 
sions were harmonized with the time element assigned to the various 
systems by paleontologists. 


The rock column is now nearly completed and presents quite an at- 
tractive appearance. At the left of the column each system is labeled 
and the kind of rock with its locality is given. Simplicity in naming 
has been aimed at, overlapping terms avoided. 
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At the right of the rock column, in a space marked off by white 
tape, the fossils characteristic of each system will be placed. Naturally 
they will occupy the major portion of the chart, and will be the most 
striking feature of the exhibit. Nearest the rock column are the plants 
which mark any definite horizon. At their right in order are shown the 
sponges, corals, and molluses, changing with succeeding millenniums. 
The time when fish became important will be marked by the fossil fish 
ascendent at that time, and similarly the age of amphibians, reptiles, 
birds, and mammals will stand out clearly. 

When the work is completed our conviction is that it will make a 
very striking picture, so that he who runs may read and obtain a more 
convincing illustration of the major events in world history than he 
could obtain in similar space any place else. 

To one who has not attempted such a project it might not seem 
difficult to obtain rock samples of strata that extend over thousands of 
square miles and that occur in beds hundreds of feet thick. But though 
we have given attention to this for more than two years, we still lack an 
example of Devonian sandstone, Triassic dolomite, Comanchean con- 
glomerate, and Oligocene sandstone. The difficulty possibly indicates 
that theory rather than actual accomplishment still satisfies many 
geologists and that they are content to know that certain formations are 
a hundred miles away rather than to have at hand an illustration. If 
anyone can suggest where the missing rocks may be obtained we shall be 
obliged. 
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NEW DEMANDS OF ENGINEERING ON GEOLOGY 
IN ILLINOIS* 
BY 
GEORGE IX, EKBLAW 
State Geological Survey, Urbana. 

The modern trend of specialization forces engineers to devote so 
much attention to their special technique that in order to obtain infor- 
mation about certain aspects of their problems they must turn to tech- 
nicians equally specialized in those fields. The engineers in Illinois have 
not lagged in this respect and not least among the professions from 
which they have sought technical information is geology. In recognition 
of demands for geological advice which come from all branches of en- 
gineering, the State Geological Survey nearly three years ago organized 
a section of engineering geology in which special attention is given to 
engineering problems. The highway engineers have been especially 
anxious for information, and their needs have been emphasized by the 
tremendous program of highway construction which has been followed 
for the last fifteen years. 

Many of the problems that have been presented concern various 
types of landslides, which cover, move away from, or move a pavement or 
railway out of alignment. These problems generally involve a study of 
stratigraphic conditions as related to drainage, and many of them are 
solved by adequate drains at critical places. Rock-falls, like the one at 
Savanna which was described before the Academy last year, are a type 
of landslide. 

Peat bogs also present numerous problems in which it is necessary 
to ascertain the depth and character of peat. If the peat be shallow it 
may be excavated and replaced by solid material for a highway or rail- 
way fill; if it be deep, the fill may be built across it and explosives used 
to assure a satisfactory settlement. Drainage of peat bogs is also a 
relevant question of which the solution depends on geologic knowledge. 
Peat terraces along old valleys are similar to peat bogs, but they are 
sufficiently different that they require different treatment. Studies of 
several peat bogs have been made to ascertain the possibilities of their 
adaptation for parks and playgrounds. 





* Published with the permission of the Chief, State Geological Survey. 
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cause drainage is poor is a common problem wherein geologic k 
can help in providing a remedy. Frequently highway engineers 
. for advice in draining wet spots before pavement is laid, so that 
drainage can be installed as a preventive measure. The dra 
prevent landslides and to clear bogs has been mentioned. It i 
frequently necessary to ascertain if the construction of higl 


The question of sewage disposal frequently involves a question 
age, especially where sinkholes and underground channels 
countered. 

The determination of the bedrock and the unconsolidated 


not only because much depends on adequate foundations for su 
tures but also because the condition may determine the type 
ture. The geologic conditions at a proposed or excavated subw 
tersections of transport routes have important bearing on the 


and an elevated overpass. 

In several cases a geologic examination has enabled eng 
estimate amounts of different classifications of materials to 
vated, and this has an important economic bearing on cost of 
tion. Satisfactory material for large grade-fills can be selee 
geologic assistance. There are abundant cases where geologic k 


assists in selecting satisfactory material—be it sand, gravel, 
ete. In some cases the character of material in an operating or 


quarries, and deposits have been visited for this purpose. At th 
time a careful reconnaissance of the state is being made to k 
determine the character of material in every deposit that offers 


Routes of proposed highways have been modified to suit 
situations. Peat bogs, landslides, and steep slopes are avoided 


structed to suit geologic conditions. Studies have been made at 
where coal has been or is being mined, to determine if there 
surface subsidence sufficiently serious to endanger large buildin 
vicinity. 
—11 A 
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In all of these types of engineering problems, the knowledge of the 
geology of the state as available at the State Geological Survey has been 
applied to assist the engineers. Specific examples where each type of 
problem has been attacked are so numerous that they can not be listed. 
Nearly every problem has so many interesting features that a discus- 
sion of it would be a fitting topic for a scientific paper. A general survey 
of the field is all that can be presented here. 

The topographic maps which are prepared in cooperation by the 
U. 8. Geological Survey and the Illinois State Geological Survey are in 
themselves a source of information and benefit to all types of engineers, 
The uses to which they have been put by engineers comprise a long list 


and constitute material for a lengthy discussion which can not be pre- 
sented here. It is regretted that lack of time prevents the presentation 
of detailed accounts of the results of recent studies in the field of en- 
gineering geology as it is being developed in the state. 
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SOME EVIDENCES OF INCIPIENT STAGES OF 
LAKE CHICAGO* 
BY 


GrorGE E. EKBLAW 


Geological Survey, Urbana. 


Certain geologic data which were obtained in the course of study of 
engineering geology problems at two localities a mile apart, one in West- 
chester and the other at Broadview, west of Chicago, indicate that a fore- 
glacial lake existed in this portion of the Michigan basin at a higher 
level than has been recognized heretofore. The beaches of the Glen- 
wood stage of Lake Chicago, the highest stage previously recognized in 
this locality, indicate that it stood at an elevation of 635-640 feet A. T. 
The newly noted data indicate a stage at an elevation of 655-660 feet, 
or 20 feet higher than the Glenwood stage. 

In the first place, there is a low but distinct escarpment trending 
south-southwest from the limestone monadnock in Hillside across secs. 
20, 29, 30, and 31, T. 39 N., R. 12 E., in the Hinsdale quadrangle to the 
junction of the valleys of Salt and Flag creeks. This escarpment is 
brought out by the 645-, the 650-, and the 655-foot contour lines on the 
Hinsdale quadrangle topographic map. Its alignment suggests an ero- 
sional origin. Below the 645-foot contour at the foot of the escarpment 
there is an abandoned longitudinal depression suggestive of an aban- 
doned channel. Both the escarpment and depression are lost in a maze 
of morainic elevations in sec. 31, T. 39 N., R. 12 E., and see. 36, T. 39 
N., R. 11 E., among which there are several narrow tortuous depressions 
just below 645 feet. Several valleys trending southeastward across the 
upland are truncated at the escarpment and their streams are diverted 
along the depression. Swamps, marshes, and peat-bogs occur in and 
along most of these valleys. Poorly developed terraces occur in the NW. 
14 sec. 31 and along the east side of sec. 30. A pebbly concentrate be- 
neath surficial silty loam has been observed on the east slope of low ele- 
vations along the center of the south side of sec. 20 and in the center of 
the east half of sec. 30. Numerous species of fossil shells, which Mr. 
F. C. Baker, Curator of the University of Illinois Natural History 
Museum, has identified as fresh-water animals, were collected along a 
drainage ditch in the middle of sec. 20. He reports that the fauna is 


* Published with the permission of the Chief, State Geological Survey. 
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practically identical to that collected by Mr. L. E. Workman, of the 
State Geological Survey, from the flat bottom of Flag Creek valley 
southwest of Western Springs. The bottom of the valley of Flag Creek 
is almost flat and lies between the elevations of 640 and 645 feet, the 
same elevation as the longitudinal channel at Westchester. Rock lies at 
shallow depth in the valley. 

All of these facts indicate that at one time a strong current of 
water moved southwestward from the present site of Bellwood, threaded 
itself among a maze of islands northwest of the present site of Western 
Springs, poured out through the valley now occupied by Flag Creek, and 
escaped through lower DesPlaines valley. The depth to which this 
stream readily eroded was controlled by the rock in Flag Creek valley. 
The water probably stood at an elevation of 660-665 feet, as suggested 
by the numerous marshes and swamps in the small upland valleys and 
by the terrace-like features, the flat-bottomed tributary valleys, and the 
marshes that occur at the same elevation along Salt Creek above the 
proposed course of the glacial stream. 

A low escarpment similar to and at practically the same elevation 
but not so well developed as the one already described may be traced 
north across the Elmhurst quadrangle into the Arlington Heights 
quadrangle. Marked escarpments between elevations of 650 and 670 feet 
occur on the west side of the Lake Border moraines in the Park Ridge, 
Arlington Heights, and Highland Park quadrangles. These suggest that 
an extensive body of water possibly as high as 675 feet occupied at one 
time all of the valleys and depressions below that elevation. 

Several test-pits near the intersection of Roosevelt Road (12th 
Street, or State Highway Route No. 6) and Indiana Harbor Belt Rail- 
way at Broadview have revealed that a deposit of poorly sorted but 
clean sand and gravel lies beneath glacial till at a depth of 1714 feet. 
The sand and gravel has been tested to be at least 1514 feet thick with- 
out reaching the bottom of it. It contains a large amount of rounded 
fragments of hard dark shale, a pebble count revealing that nearly 50 
per cent of the pebbles less than 14 inch in size are shale. In this respect 
it is identical with the outwash gravel along upper DesPlaines valley. 
As the last known deposit of outwash along upper DesPlaines River 
occurs at Park Ridge, it is thought that the gravel at Broadview may 
represent the actual continuation of the DesPlaines valley-train, now 
covered by till. The till possesses a crude lamination which suggests 
that it was deposited in water. If this be true, it signifies that after the 
outwash was deposited in DesPlaines valley, there was a minor readvance 
of the glacier over the south end of the valley. 
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It is noteworthy that ponds and lakelets are more numerous in 
the vicinity of Hillside than they are west of Salt Creek. This suggests 
that the morainie deposits east of Salt Creek may be younger than 
those west of the creek. The abundance of ponds and lakelets even on 
top of the morainic ridge is characteristic of the Lake Border moraines 
on the Park Ridge and Wheeling quadrangles and also of the eastern 
ridges of the Valparaiso moraine in the Tinley Park and Palos Park 
quadrangles. 

All of these data provide a basis for a concept which is here put 
forth solely as a working hypothesis. First there was a glacial reces- 
sion beyond upper DesPlaines valley and deposition of outwash as a 
valley-train in that valley. At that time the south end of the valley was 
farther west than it is now, either swinging through Broadview over 
against what is now the high land at LaGrange or turning west from 
Broadview into the present valley of Flag Creek. Coarse outwash 
material along Salt Creek north of Western Springs and in Flag Creek 
valley support the latter alternative. Then there was a glacial read- 
vance which overran the south end of the DesPlaines valley but left the 
rest of the valley open. In the vicinity of Westchester this glacier may 
have advanced as far as Salt Creek, causing a slight diversion of that 
stream along a course now represented by abandoned channels in sees. 
23, 22, 27, and 26, T. 39 N., R. 11 E.; blocking other valleys and creat- 
ing odd depressions and diversions like those in secs. 13 and 24, T. 39 
N., R. 11 E., and in sees. 17, 18, and 19, T. 39 N., R. 12 E.; and block- 
ing DesPlaines valley so that all the waters above Hillside were dammed. 
Farther south the glacier advanced only as far as Flag Creek, and still 
farther south it advanced to the present locality of Tinley Park, where 
a large flat—a site of an old lake—separates two morainic ridges. Dr. 
Paul MacClintock has reported that there is a distinct interglacial in- 
terval recorded at this locality, as an old soil at the level of the flat is 
overlain by the east ridge of drift. Farther north the advanced positions 
of the glacier are recorded by the Lake Border morainie ridges. 


The point of the glacier in the vicinity of Western Springs soon 
retreated, thereby opening an avenue for the escape of the waters that 
had been dammed in upper DesPlaines valley. This rush of waters de- 
veloped a channel which is in part now represented by the valley of 
Flag Creek. Above Western Springs the ice-front formed the east side 
of the channel; the west side is now represented by the escarpment as 
noted. Shell animals advanced up the glacial stream—their shells re- 
main as evidence. When the glacier retreated farther, a lower level of 
escape for the waters was opened east of LaGrange and this may have 
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initiated the Glenwood stage of Lake Chicago. Following the retreating 
level of the lake, Salt Creek developed a channel across the higher lake 
bottom. Thus it appears (1) that the present course of Salt Creek is 
its original course, (2) that the valley of Flag Creek is not a beheaded 
portion of Salt Creek, as has been generally considered, but (3) that 
there is a logical explanation for the striking difference between the 
valleys of Flag Creek and Salt Creek, a condition which has been pointed 
out as anomalous for stream piracy.’ 

The high-level lake stage which has been described may have been 
coexistent with a high-level stage of Lake Chicago which has been 
recognized in Indiana and which has been designated the Valparaiso 
stage. As the name Valparaiso is already so well established to desig- 
nate a prominent morainic belt and glacial stage, it seems that an en- 
tirely distinct name for the high-level stage of the lake would be pre- 
ferable. Further investigation of this problem may reveal a locality at 
which some features significant of the lake stage occur and from which a 
suggestion for a suitable name may therefore be derived. Westchester, 
the name of the suburb in which the escarpment is so well developed, 
may prove to be suitable. 

It should be emphasized that the sequence of events as outlined in 
this paper is not the result of a thorough study. However, the data 
which have been recorded do indicate that some significant events oc- 
curred, and as a complete investigation of them is beyond the province 
of engineering geology, this opportunity is taken to present them, to- 
gether with a likely interpretation, in order that other students of 
geology may possibly take advantage of them. 

1Goldthwait, J. W., Physical features of the DesPlaines valley: Illinois State 
Geol. Survey Bull. No. 11, p. 67, 1909. 


2 Cressey, G. B., The Indiana sand dunes and shore lines of the Lake Michigan 
basin: Geog. Society of Chicago Bull. No. 8, pp. 54-55, 1928. 
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CHANNEL DEPOSITS OF THE PLEASANTVIEW 
SANDSTONE IN WESTERN ILLINOIS* 
BY 
Sipney E. Exsiaw 
State Geological Survey, Urbana. 


The Pleasantview sandstone, one of the members of the Carbondale 
formation in the Pennsylvanian system, is the only well developed sand- 
stone stratum between the Colchester (No. 2) and the Springfield 
(No. 5) coals in western Illinois. This member has been locally recog- 
nized by various workers and a study during the past year has demon- 
strated that it can be correlated throughout the area between the TIli- 
nois and Mississippi Rivers (Fig. 1). 

The field study was made for the Illinois State Geological Survey 
by Dr. H. R. Wanless, whom the writer had the pleasure of assisting 
and to whom he accordingly extends his thanks. Dr. M. M. Leighton, 
Chief of the Survey, kindly granted permission to use for this article 
the results of the study and other information from the Survey files re- 
garding the Pleasantview sandstone. . 

The stratigraphic section with which the Pleasantview sandstone is 
associated is as follows, beginning at the bottom (Fig. 2) : 

(1) The Colchester (No. 2) coal, which averages about thirty inches in 

thickness. 

(2) The Francis Creek shale, 6 to 50 feet thick, which is a soft gray 
shale characterized by a unique spheroidal fracture where ex- 
posed to weathering. 

(3) The Oak Grove member, 6 inches to 4 feet thick, which is a hard 
black laminated shale with which are associated three or more 
thin bands of gray or brown fossiliferous limestone alternating 
with gray or black shale. 

(4) The Purington shale, 20 to 60 feet thick, which is a soft blue-gray 
shale, in which occur gray or brown discoidal ironstone concre- 
tions. 

(5) The Pleasantview sandstone, which is from 6 to 10 feet thick in 
the normal sequence but ranges up to a maximum thickness of 
approximately 100 feet where it fills channels cut in the earlier 
members. The upper 3 to 6 feet of the sandstone is very 
calcareous and grades, at some places, through a sandy shale, 
into the bed above. 

A nodular, loosely cemented sandy limestone, several feet thick. 
An underclay, 2 or 3 feet thick. 
The Kerton Creek coal. 


* Published with the permission of the Chief, State Geological Survey. 
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Fig. 1. Outline map of western Illinois, showing (1) the localities where 
marginal contacts of the channel phase of the Pleasantview sandstone have 
been observed and (2) the courses of pre-Pleasantview channels as inter- 
preted from available data. 
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LITHOLOGIC CHARACTERISTICS 

The Pleasantview sandstone comprises a non-channel phase and a 
channel phase. The non-channel phase is olive to grayish-blue, fine 
grained, thinly but regularly bedded, slightly micaceous, and contains 
very little carbonaceous material. The small, tabular grains of mica lie 
parallel to the bedding planes. The beds range from 1g to 1% inch in 
thickness. Cross-bedding occurs rarely and then only at low angles. 

The channel phase varies in color from buff through yellowish- 
brown to light blue-gray and locally to black, the black color being due 
to a great amount of carbonaceous matter. Usually the lowest 12 to 18 
inches is locally conglomeratic and consists of flattened, very smooth 
pebbles, sometimes fossiliferous, scattered through a sand matrix. The 
pebbles are arranged with the long axes parallel to the bedding. The 
non-fossiliferous pebbles are believed to have been derived from the iron- 
stone concretions in the Purington shale; as these concretions are more 
resistant than the shale, the fragments were preserved during the erosion 
of the shale and were deposited with the sand. The fossiliferous pebbles 
are thought to have been derived from the Oak Grove member. In the 
conglomerate at some localities there occur lenses of shale breccia, which 
are composed of fragments of the earlier shale members. The fragments 
are not oriented with the bedding, but lie in any position. Above the 
conglomerate is a zone three to five feet thick in which plant debris con- 
sisting mainly of Cordaites, Lepidodendron, Sigillaria and Calamites is 
abundant. In some localities the plant material may be carbonized to 
form coaly layers or seams 1/32 to 4% inch thick but in others it creates 
only a dark brown discoloration in the sandstone. In this zone the beds 
are thin and cross-bedded, with carbonaceous material and abundant 
large mica flakes segregated along the bedding planes. Heavy massive 
lenticular beds alternating with thin shaly-appearing beds constitute the 
next higher zone which is quite thick and prominently cross-bedded 
(Fig. 3). 

This zone is in turn overlain by more calcareous sandstone in which 
there is an abundance of large, hard, slabby, “millstone” concretions 
reaching an observed maximum size of 6 by 8 by 12 feet. The upper- 
most zone of the member is a few feet of shaly, calcareous sandstone. 


STRATIGRAPHIC RELATIONS 
It has been recognized that at some places the Pleasantview sand- 
stone rests unconformably on the underlying members, the unconformity 
extending as far down as the Colchester (No. 2) coal. The study during 
the past year has demonstrated that the non-channel phase of the sand- 
stone occurs in apparent conformity above the Purington shale and that 
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the channel phase marks the unconformable contact. The map showing 
the localities where unconformable relations have been observed (Fig. 1) 
suggests in outline an ordinary drainage system which was developed 
immediately preceding the deposition of the Pleasantview sandstone. In 
Missouri’ and in the Appalachian area* sandstones in similar phases are 
called “channel sandstones” and are thought to be channel phases of 
more extensively distributed thin sandstone members. 








Lemmeted Mossive. * 
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Fic. 3. Characteristic cross-bedding of the Pleasantview sandstone in 
the type Mill Creek section, SE. 4% NW. % sec. 31, T. 2 N., R. 1 E., Schuyler 
County, Illinois. 


Although the distribution of the localities at which the Pleasant- 
view sandstone has been observed to lie unconformably on the lower 
strata suggests a drainage pattern, and although the conglomeratic 
character, the occasional ripple marks, and the cross-bedding character- 
istic of this sandstone are not in discord with the suggestion, the strong- 
est evidence in support of the hypothesis consists of the numerous ob- 
servations of the marginal contact of the channel sandstone and the 
older strata. 

This relation was best observed in secs. 19 and 20, T. 8 N., R. 3 E., 
Fulton County (Fig. 1). The actual west margin of a channel is ex- 
posed for a distance of some four hundred yards along a northwest ravine 


1Hinds, Henry, and Greene, F. C., The stratigraphy of the Pennsylvanian 
series in Missouri, Missouri Bureau of Geol. and Mines, vol. 13, 2d Ser., pp. 
91-106, 1915. 

2Stevens, J. J., The formation of coal beds, Proceedings of the American 
Philosophical Society, Vol. 51, No. 207, pp. 435, 475, Oct.-Nov., 1912. 
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tributary to Coal Creek in the SW. 14 sec. 19. On the west side of this 
margin the beds of the Purington shale lie horizontal but are truncated 
very sharply by thin shaly beds of highly carbonaceous sandstone dipping 
toward the northeast and parallel with the contact plane (Fig. 5). Three 
measurements of the dip of the contact plane are, 47° N. 42° E., 32° N. 
38° E., 28° N. 32° E. At one place a 20-foot bank of Purington shale 
on the west side of the ravine is cut out and replaced by sandstone within 
a horizontal distance of fifty feet. 

The east margin of the same channel is exposed along the east side 
of another ravine tributary to Coal Creek in the SE. 4 NE. 4 see. 20, 
about a mile and a quarter farther east where a massive sandstone bed 
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Fie. 4. Generalized cross-section of the Pleasantview sandstone filling a 
channel, as exposed along Coal Creek. 


dipping about 45° toward the east rests on an uneven surface of horizon- 
tally bedded Purington shale. This massive bed is in turn truncated by 
blue-gray, slightly sandy shale containing an abundance of excellently 
preserved fern leaves and stems of plants and dipping about 40° west. 
On the west side of the ravine this same shale dips 28° N. 40° E. 
Farther up and farther down the ravine, the shaly, carbonaceous sand- 
stone dips steeply toward the west. 

In a third ravine between the two ravines exposing the marginal con- 
tacts the full thickness of the sandstone, which rests on the Oak Grove 
member, is exposed. The situation as revealed by these exposures is inter- 
preted as shown in Fig. 4. 
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The west margin of this same channel is again revealed along a 
ravine tributary to Put Creek in the NE. 14 sec. 5, T. 6 N., R. 3 E., 
Fulton County, where the sandstone truncates horizontally bedded Pur- 
ington shale along a plane dipping 30° northeasterly, cutting out about 
5 feet of the shale within a horizontal distance of 8 feet. 

In the E. % see. 9, T. 10 N., R. 2 E., in the Galesburg Quadrangle, 
the characteristic basal Pleasantview sandstone, dipping at an angle of 
about 30° northwesterly, rests on the horizontal beds of the Purington 
shale. In the SW. 14 NE. 4 sec. 6, T. 9 N., R. 2 E., also in the Gales- 
burg quadrangle, the sandstone is exposed in the lower part of a ravine 
whereas farther west in the upper part of the ravine only 6 feet of blue- 
gray sandstone is exposed with at least 35 feet of Purington shale below. 
This situation can be interpreted best as a marginal contact along a 
channel. 

Other points of contact shown by a circle with an arrow indicating 
the dip of contact are located as follows (Fig. 1) : 

Warren County 


NE. 4% sec. 20, T. 8 N., R. 2 W. 
Fulton County 


E. % sec. 13, T. 5 N., R. 2 E. 

N. % sec. 5, T. 6 N., R. 3 E. 

E. % sec. 34, T. 6 N., R. 3 E. (Fig. 6) 
NE. 4 sec. 29, T.5 N., R 
NE. % sec. 27, T. 5 N., R. 
NW. % sec. 29, T.5 N., R 
W. % sec. 7, T. 3 N 1 


Schuyler County 
NE. 4% sec. 2, T. 3 N., R. 3 W. 
S. % sec. 4, T. 2.N., R. 2 W. 
Hancock County 
SE. % sec. 26, T. 3 N.,, R. 5 W. 
Adams County 
NE. \ sec. 19, T. 1 N., R. 6 W. 
Cass County 
SW. % sec. 14, T. 18 N., R. 11 W. 
In the southwest portion of the area covered by the study, marginal 
contacts are less numerous but by drawing a line between localities where 
there are exposures of thick Purington shale and those where there are 
exposures of thick sandstone, it is possible to trace the margins of the 
channels from one point of observed marginal contact to another (Fig. 
1). Practically every exposure of this horizon in the greater part of the 
area to the south shows massive sandstone resting directly on Colchester 
(No. 2) coal. This indicates that all the beds between the normal sand- 
stone and the coal had been removed and suggests the existence of an 
erosional area of much larger extent than has been mapped. 
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Fic. 5. (Above) Unconformable contact of Pleasantview sandstone against 
Purington shale. 


Fic. 6. (Below) Unconformable contact of Pleasantview sandstone against 
Francis Creek shale. 
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The east channel as mapped extends from Galesburg to Illinois 
River east of Beardstown, and it is assumed that this channel continues 
north to Mississippi River west of Rock Island. A branch of this channel 
is located southeast of Galesburg. Along Coal Creek, where both mar- 
gins were observed, the channel is approximately 114 miles wide and 
from 50 to 55 feet deep. 

In the southwest portion of the area, two large channels can be 
traced for about 20 miles each by means of contacts and unconformable 
relations. A small narrow channel tributary to the large north channel 
in this area is indicated by the exposures of both margins in the N. 4% 
sec. 20, T. 8 N., R. 2 W. 

In the southeast portion of the area, few data are available because 
in the broad valley of Illinois River there are no exposures of the sand- 
stone. As yet no data have been discovered to reveal the eastern border 
of the widespread channel deposits. 

As the channel sandstone rests on lower beds farther south whose 
thicknesses increase in the same direction, it seems highly probable that 
the drainage was also directed toward the south, and this conclusion is 
supported by the distribution of the channels. 
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THE HYDROLOGY OF INDUSTRIAL AND MUNICIPAL 
WATER SUPPLIES IN ILLINOIS 
BY 
Winrrep D. GERBER 
State Water Survey, Urbana. 

In the dictionary published by Funk and Wagnalls, “hydrology” is 
defined thus: “The branch of physical geography that treats of the 
waters of the earth, their distribution, phenomena, properties, and laws. 
As used by the United States Geological Survey the term is restricted 
to subterranean water-resources.” Since the broad definition includes 
distribution, phenomena, and properties, consideration will be given to 
some factors which are more physical than technical, more necessary 
than theoretical. 

Research and scientific investigations are producing so many star- 
tling results that the public generally has come to expect a thrill on the 
front page of the paper each day, and the day is utterly ruined if the 
thrill is not delivered along with the morning toast and coffee. It takes 
but a moment’s reflection to realize that all this excitement over so many 
and varied spectacular discoveries is distracting public attention from 
many commonplace things which in reality are of vastly more impor- 
tance to the well-being and prosperity of the citizens of this and other 
countries. 

The radio, automobile, telephone, railways, aeroplanes, electricity, 
and many other developments of the present age have practically become 
necessities, and vet there was a time not so long ago when they did not 
exist; and if they all were suddenly removed now, life could and would 
go on, although it might take some time to become adjusted to such a 
revised order of things. The discovery of many minerals such as gold, 
silver, tin, iron, coal, oil, gas, etc., have each brought about tremendous 
excitement and activity within the zone of their respective influence, but 
did anyone ever hear of people becoming excited over the bringing in 
of a new water well or the completion of a water treatment and purifica- 
tion plant? Apparently water is too commonplace to be responsible for 
any undue excitement ; except in a reverse order, as it frequently happens 
that residents of a community bitterly oppose the installation of a public 
water supply and distribution system. It is hard to understand why 
anyone should oppose the development of such a system, for it has been 
quite effectively demonstrated that for a municipality to thrive under 
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the present competitive conditions it must have an adequate supply of 
water, which not only must be pure and healthful for human consump- 
tion but must be soft and /ow in its mineral content if it is to be attract- 
ive from an industrial view-point. 


Cost or WATER 


No matter what it costs, water of good quality is never expensive ; 
in fact, it is the cheapest necessity on the market. As an illustration, 
assume that a community of 1,000 population desires a water supply 
system that will cost $30,000 and that they propose to pay for it in 
10 years out of the sale of water. The total interest charge at 6% for 
the 10-year period is in round figures $9,000, or a total of $39,000 for 
principal and interest ; truly a considerable sum when viewed as a single 
item. ‘To complete the payment of principal and interest in 10 years 
would thus require an annual payment of $3,900. Of course, the plant 
would need attention, and as is usual in such cases a part-time attendant 
together with maintenance and repairs, costing say $1,100, must be in- 
cluded, making a total of $5,000 per year to be met out of water revenues. 

In a town of 1,000 people an average of 60 gallons per day per 
capita is likely liberal, but this discussion is more concerned with pre- 
senting a picture for argument’s sake rather than submitting a financial 
budget. Sixty gallons per person per day for 1,000 persons equals 
21,900,000 gallons per year, a quantity which if sold at 22.8 cents per 
1,000 gallons will produce an annual total of $5,000. One thousand 
gallons weighs 8,333 pounds, or 4 1/6 tons; therefore, each ton of water 
delivered in the house costs but 514 cents. What necessity can be pur- 
chased and delivered on an instant demand for 51% cents per ton or even 
25 cents per ton? It may be that difficulty is experienced in visualizing 
how much water is in 1,000 gallons. A cubical tank holding just 1,000 
gallons measures approximately 5 feet 114 inches on each side. A block 
of water 5 feet cube for 22.8 cents. If this were frozen into ice retailing 
at 60 cents per 100 pounds, the cost would be $49. Coal of fair quality 
may be purchased in certain parts of Illinois for $3 per ton; water, if 
sold at this price, would carry a rate of $12 per 1,000 gallons. 


QUANTITY AND QUALITY. 

Illinois is nearly surrounded by water, as a glance at the map will 
quickly prove. Even in the vicinity of the eastern and northern bound- 
ary lines, particularly the northern, there is much water to be found 
in separate lakes and streams. In addition, there are several good-sized 
river systems within the state. The Illinois River system, of course, is 
the largest and most far-reaching, but there are in addition the Rock, 








402 Transactions of the Illinois State Academy of Science 


the Kaskaskia, the Big Muddy, the Cache, the Saline, the Little Wabash, 
and the Embarrass rivers, all of which have considerable territory within 
their respective watersheds—to say nothing of the many small streams 
which discharge directly into the Mississippi or the Wabash. 

With all this water in and around the state, and being blessed with 
a fairly ample annual rainfall, it may be small wonder that many citi- 
zens do not recognize that certain sections may have difficulty in obtain- 
ing a water supply of adequate quantity or of a quality acceptable 
as an incentive to municipal and industrial development. Water, like 
many minerals, is generally found associated with others; that is, 
because of the solvent ability of water, it takes into solution more or 
less of the other minerals with which it has been in contact. In certain 
parts of the state the amount of mineralization of the water supply is 
relatively low, while in other localities it is high. 

The opportunities to secure water are not the same in all parts of 
Illinois; in fact, there are three sources of water which rather distinctly 
divide the state into three zones: a northern zone, a central zone, and a 
southern zone. 


NORTHERN ZONE. 


The northern zone includes that portion of the state extending from 
the Illinois-Wisconsin boundary southward to a line crossing the state 
approximately through the cities of Onarga, Fairbury, Elmwood, and 
Stronghurst. Within this area it is possible to secure water supplies 
from deep or rock wells. In this zone the water-bearing rocks, which 
are in order from the surface down, Limestone, St. Peter Sandstone, 
Dresbach Sandstone, and Mt. Simon Sandstone, have a gentle inclina- 
tion downward from west to east and from north to south, the latter 
being more marked than the former. In the northwest portion the St. 
Peter Sandstone has been found within 40 feet of the surface. The out- 
crop, or absorption area, of this sandstone makes an irregular pattern 
in southern Wisconsin and along a comparatively narrow streak from 
some 25 miles east of Madison, Wisconsin, northerly to Menominee, 
Michigan. The Dresbach and Mt. Simon sandstones are members of 
the Cambrian system, and their absorption area covers a very consid- 
erable portion of central Wisconsin, extending from a line between 
Madison and Prairie du Chien northward to Wisconsin Rapids, with 
two prongs one northeasterly through Shawano to the northeastern 
boundary of the state and the other of greater width reaching as far 
to the northwest as Shell Lake. 

Considering the quality of the water drawn from the St. Peter 
sandstone, it is interesting to note that in the north tier of counties the 
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waters are harder and contain more carbonates for those wells west of 
Rockford than for those east. Water from the Dresbach does not show 
this geographical demarkation, though there are considerable differences 
in the hardness, residue, and alkalinity in the various wells in this strip 
of counties. The waters from wells penetrating the Mt. Simon sandstone 
show an interesting reversal of form; whereas the St. Peter water was 
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harder west of Rockford than east, just the reverse is true with the Mt. 
Simon water, which is softer, has less residue, and is lower in carbonate 
west of Rockford than east. 

In making comparisons of analyses of waters from wells penetrating 
the three sandstones, considered in order from north to south, a marked 


increase in mineralization was found which not only makes these waters 
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undesirable from an industrial standpoint but frequently imparts a most 
unpleasant taste. 

These, then, are the general facts in connection with the deep-well 
water situation. With few exceptions the hardness varies from 11 grains 
per gallon (190 p. p.m.) up to as high as 70 grains per gallon (1200 
p.p-m.). A detailed comparison of analyses discloses localities where 
the waters have a strong odor and taste of sulfur, in others an oily taste, 
and in still others, particularly in the Mt. Simon at depths of 2,100 
and more, strong salt brines are encountered. 

A well recently drilled in Lake County for the Diamond Lake 
School yields a most unusual water. The hardness is only one-half grain 
per gallon (8.6 p. p. m.), but the mineral content is 1,909 p. p. m., con- 
sisting principally of 1,189 p.p.m. sodium carbonate, 319 p. p.m. 
sodium sulfate, and 379 p. p.m. sodium chloride. Truly a most unusual 
water, considering that the well is only 402 feet deep and the water 
likely comes from the lower part of the Niagaran Limestone. 

Much has been accomplished in the study of water quality in this 
northern zone, but much as it is, it is only sufficient to point out the 
difficulties which are likely to be encountered and the great amount of 
work that must still be done before the yield and quality of well waters 
from the various aquifers can be predicted with reasonable assurance. 
The past and present methods of well construction are largely respon- 
sible for these difficulties and uncertainties, in that it is customary to 
leave open or uncased all those rock areas which will stand without 
caving. This practice permits an intermingling of the water from one 
aquifer with that of another and in addition permits water from one 
under a strong head, or pressure, to overcome a less pressure and flow 
outward from the well through other porous strata. Thus it may come 
about that an uncased well or an abandoned well where the casing has 
become porous through corrosion may be the source whereby a good vein 
of water of limited quantity in a well some distance away may be 
seriously affected by a strong vein of poor water. This rather serious 
condition is further aggravated by the practice of shooting in order to 
increase the yield. Shooting not only loosens the aquifers but it cer- 
tainly must disturb and crack strata which otherwise may be tight, 
thus making it easy for the interchange as just mentioned. Shooting, 
further, is very likely to so disturb the casing as to forever prevent mak- 
ing it tight. The only justification that can ever be given for shooting 
is, “procuring a large yield,” but there are so many detrimental effects 
that apparently it is a questionable, as well as an uneconomical, practice. 
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Since poor waters are in greater abundance than those of more desirable 
quality, there may be, as time goes on, a distinct lowering of quality 
which, in turn, will mean a greater expense to the house owner, to say 
nothing of the municipality and industrial plant. 


CENTRAL ZONE. 


In the central zone, which is that portion of the state lying between 
the Onarga, Fairbury, Elmwood, Stronghurst line and a line across the 
state approximately through the cities of Casey, Neoga, Nokomis, and 
Carlinville, the water supply situation is more complex. In this area 
such water supplies as are obtained from wells must come from the 
“drift,” deposits of sand, gravel, and clay, debris from the glacial in- 
vasion. Deposited as it was, there is no uniformity in the drift, and 
the location of a successful well is partly luck. However, these glacial 
deposits have been studied, their limits and contents investigated to such 
an extent that the matter of guess or luck can be reduced to a small 
margin. 

The Wisconsin Glacier extended over the northern zone as far west 
as the eastern portion of the Rock River valley and across the Illinois 
tiver valley at Peoria, spreading out over the southeastern portion of 
the northern zone and over that portion of the central zone east of the 
Illinois River. Wells in this area seldom exceed 300 feet in depth, and 
the water is obtained from the sand and gravel reservoirs left by the 
receding ice sheet, the replenishment of which must come in a large 
measure directly from what may be termed local precipitation. 

The size of the gravel and sand grains of this drift vary greatly, 
but in the main they are small, of many kinds of material, and in the 
aggregate they present a vast surface for a solvent reaction by the per- 
colating water. Hence, it is not surprising to find that the water sup- 
plies in this zone vary greatly in character and volume, being usually 
inadequate in quantity and highly mineralized and hard as to quality. 
Drift-well waters in this area with few exceptions contain iron in such 
quantities as to stain white plumbing fixtures as well as causing incrus- 
tation in the water mains, thus reducing their carrying capacities. Iron 
is further objectionable since it stimulates the growth of crenothrix bac- 
teria which, upon dying, decompose and give a very unpleasant smell and 
taste to the water. An iron-removal plant is a necessity with a water 
having an iron content in excess of 0.2 p. p.m. It is from this central 
zone that requests for information regarding a new supply or the im- 
provement of the quality of an existing one are most frequently received. 

A study of a map whereon have been shown the various municipali- 
ties and the kind of water supply in each is most impressive as tending 














Papers Presented in the Twenty-third Annual Meeting 407 





MAP 


ILLINOIS 


SHOWING 


Municipal Wells 





a ee ba 
5 Paviness 


pee 
DRIFT WELLS 






Municipal Softening Plants = @ 


a RE 


Ternemeow vy 


‘oe nar sOmrr) oS 


ov race = \ 
RO ; #? 
cone oe wv 
r nt "t 


ites il 


—O O* Ginke 
i i 


eid 


Qe J ws, ! 


| 
Se 
ww fev aya ej om | 
229.9 (Os iss ean 
ay ! | 
CY Tees fo! coe i 
P3° et tl 
4 ou bo te 
> £io bo 
‘arsame ‘Oome 
i ~45--L)- 
{, a A H 
ite rime wan 


te dhe tre! 


ere 


Gt ' 
v/ * 


on — ellen ta —--—p "Oa -) 








(eo aaa q i 


a aflaceseae 


eo Pers 


St-L gd 


a 
eased ¥ 







j 
firnneores tee” 









ra “6 














Fig. 4. 








408 Transactions of the Illinois State Academy of Science 


strongly to indicate that municipalities with adequate quantities of soft 
water are growing more rapidly than those equally well located, other- 
wise, but whose water supplies are not attractive to industrial expansion. 
These facts have been so well brought out that Springfield has installed 
a modern filtration and water-softening plant and Bloomington, which 
for years plodded along with a well water of 800 p. p. m. hardness, 
has recently finished the construction of a surface impounding reservoir 
and an up-to-the-minute filtration and softening plant, which is now de- 
livering to the city a water with a hardness of only 100 p. p. m. 


SOUTHERN ZONE. 


The southern zone comprises all that portion of Illinois lying south 
of the Casey, Neoga, Nokomis, Carlinville line. This is an area wherein 
practically all municipal supplies are obtained from streams or im- 
pounding reservoirs and are rendered pure and wholesome by treatment 
in a filtration plant. The Ozark uplift traverses the southern part of 
this zone and produces a geological confusion to the extent that at 
Anna, Mounds, and Mound City water from rock wells is obtainable. 
This water is not excessively hard, though at Mounds and Mound 
City it does contain objectionable amounts of iron. Water from the 
few other rock wells in this area is generally hard and highly mineralized, 
so that it is objectionable for many purposes. In addition, there are 
some five or six municipalities which secure a fairly acceptable supply 
from drift deposits. 

PRESENT ‘TENDENCIES. 


This, in brief, is the situation with regard to public and industrial 
water supplies in Illinois, and it is a problem which should be studied 
carefully by all those who have at heart the future welfare of their 
home towns and the state. Well-water supplies for many municipalities 
and industries are in serious danger of depletion, largely through care- 
lessness in construction, use, and maintenance. 

In the northern zone the increasingly heavy draft upon the rock 
wells is steadily lowering the pumping levels, thus adding a gradually 
increasing burden of pumping costs. This recession is taking place at 
a rate estimated at from 5 to 8 feet per year and has already reached 
such serious proportions in the metropolitan area of Chicago that the 
question of supplying filtered lake water to the municipalities and in- 
dustries within a radius of 20 or more miles of the lake shore is being 
seriously proposed by well-informed engineers. 

In former years the yield from the St. Peter sandstone was sufficient 
for all demands in such cities as Rockford but so many wells have been 
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drilled into the formation that in many places it is now practically dry. 
A recently drilled well near Barrington produced less than 20 gallons 
per minute, while a new well at Crystal Lake gave practically no water 
from the sandstone. Specifications calling for wells that will pro- 
duce 1,000 to 1,500 gallons per minute are being prepared at frequent 
intervals, and wells to deliver this great volume of water must penetrate 
as deeply as is possible, passing through all aquifers without entering 
areas of bad water. Even though such wells yield a high quality of fresh 
water during their early life, there is grave danger that with the lower- 
ing of the water level in the general vicinity of the well the hydraulic 
equilibrium will be unbalanced and water of inferior quality will be 
forced into the well from lower depths. 

Not only are the water levels in wells in both the the northern and 
central zones, receding, causing the construction of new and larger wells, 
but analytical data indicate that the heavy pumping drafts are bringing 
about a detrimental change in water quality. Particularly is this true 
in the central zone, where water is obtained from drift wells. 

That Illinois is richly blessed in the matter of water supply, as 
compared to some other states, is strikingly illustrated by the great sums 
spent by certain cities for adequate water supplies. An excellent ex- 
ample is the City of Los Angeles. When the Owens River project was 
constructed, it was felt by many people that the water problem had been 
solved for practically all time, and the building of a water supply con- 
duit some 200 miles or more in length was hailed as a great engineering 
achievement. Now the city authorities are planning to take water from 
the Colorado River at a site called Boulder Dam, some 280 miles away. 
It will also be necessary to raise the water higher than a quarter mile 
in order to pass over a low mountain range near the river. Such is the 
priceless value of water. 


SUMMARY 


In conclusion, it seems desirable to summarize the situation and 
to offer some lines of thought as the first steps in building up a keener 
appreciation of the water problems in Illinois: 

1. The state has three zones, in each of which water is obtained (as a 
general proposition) in a different way or from a different source. 

2. In the north zone, wells are usually drilled into the rock and may 
vary in depth from 100 feet to over 2,000 feet. 

3. The quality of water from rock wells differs considerably in the 
different aquifers and also varies in each aquifer in accordance with its 
position. The farther south and, hence, the deeper the penetration to any 
aquifer, the more highly mineralized and less desirable the water becomes. 
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The approximate southern limit for usable water is reached at a line through 
Onarga, Fairbury, Elmwood, and Stronghurst. 

4. Marked changes in the character of water from the same formation 
are found on east-and-west lines across the state as well as from north to 
south. 

5. Deformation of the earth’s crust during early geological periods has 
introduced conditions which are apparently responsible for local variations 
in water quality of a marked character within very narrow limits of area. 

6. Under present methods of construction, uncased bores permit com- 
mingling of waters from several aquifers and a consequent lowering in 
quality for the sake of quantity. 

7. The practice of shooting a well to increase its yield unquestionably 
affects the condition of all the aquifers in the vicinity of the well and 
may easily cause damage to a well some distance away through admission 
of undesirable water to an otherwise desirable underground source. 

8. The necessity of keeping the yield of rock wells in step with the 
increasing demands of a prosperous and growing community results in the 
lowering of pumping levels and increases the cost of production, which 
ultimately may bring about the abandonment of the well. 

9. Excessive pumping may cause a change in the quality of water ob- 
tained from a well. 

10. In the central zone, wells are comparatively shallow and water is 
usually high mineralized, particularly with iron. 

11. There is no order in the wide variation in the quality of water from 
drift wells. 

12. There is a limit to the yield of drift wells, and when they are 
pumped excessively a marked increase in mineral content has frequently 
been noted. 

13. On account of ‘the irregularity of the drift deposits, the work of 
locating a water supply is rendered much more difficult and expensive. 

14. In the southern zone, water supplies are largely obtained from 
streams or artificial impounding reservoirs. 

15. Surface-water supplies are made satisfactory by treatment in a 
modern filtration plant. 

16. High-grade water, low in mineral content, is cheap at any price 
to the individual, the municipality, or the industry and is essential to the 
growth and prosperity of all. 

From this review it is evident that research studies into the matter 
of the water resources for municipal and industrial supplies is an activity 
of great value to the state and its citizens; that the amount of present 
information is but a small percentage of that which should be available ; 
and that the value of certain data is directly related to the frequency 
with which it is used. Therefore, to realize the greatest benefit from 
these investigations, the knowledge that such information is obtainable 
and the benefits that may be derived from its use should be known by 


all. 





412 Transactions of the Illinois State Academy of Science 


Organizations of the character of the State Academy of Science are 
ideal for presentation of these data, as the minds of the membership are 
highly receptive to the importance and value of such scientific informa- 
tion. However, this is not a treasure to be hidden like a pirate’s chest, 
but on the contrary is of greatest benefit when it has reached the point 
of being common knowledge. The education of the people of the state 
to a realization of the economic importance of water quality may take 
time, but it is through the trained mind that such is accomplished. The 
State Water Survey and the State Geological Survey are deeply ap- 
preciative of the interest and support that has already been given to their 
work, but it is sincerely desired that there be created a more wide-spread 
appreciation of the value of research investigations of the resources and 
quality of water supplies, especially from wells, by the citizens of the 
state at large, for the support of a program of more intensive studies, 
to the end that knowledge as to the yield and quality of water supplies 
may be available for any locality. If the continued prosperity of 
the state is to be maintained, this program must be placed in operation 
now in anticipation of the requirements of ten or twenty years in the 
future. For the evidence indicates that the value of soft water is gain- 
ing converts at an increasingly rapid rate each year. 
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THE ARCHAEOLOGY OF THE CHICAGO AREA 
BY 
Witton Marion KroGMan 
University of Chicago. 


In 1927 Mr. George Langford of Joliet, Illinois, published his re- 
port on the Fisher Mound group, near Channahon, Illinois.’ This report, 
the result of years of careful personal investigation, called the attention 
of the scientific world to a site offering the possibility of the establish- 
ment of a relative chronology for the prehistoric cultures of the Upper 
Mississippi Valley area. In 1926 the University of Chicago had in- 
augurated the Archaeological Survey of Illinois under the direction of 
Dr. Fay-Cooper Cole. Mr. Langford very courteously invited the co- 
operation of the Survey, with the result that during the field seasons 
of 1927-28, and for several weeks in 1929, the writer was privileged to 
conduct archaeological research in and around Joliet and Channahon. 
In addition Mr. Langford has placed at the disposal of the Survey all 
the data gathered by him. It is with a deep sense of gratitude that 
the Survey acknowledges his generous cooperation. 


THe FISHER SITE. 


The Fisher Mound group is composed of nine mounds and 50 cir- 
cular pits. Two of the mounds are large, the “East Mound” (EM) five 
feet high and 50 feet in diameter, the “West Mound” (WM) six feet 
high and 60 feet in diameter. The others are of varying size. The pits 
average 30 feet in diameter and two to three feet in depth, with a rim 
(now leveled by ploughing) approximately two feet high. Pits 1 to 34, 
inclusive, surround the two big mounds; Pits 35 to 48, inclusive, make 
a second group to the northwest; and Pits 49 and 50, small twin pits, 
are southeast. A careful examination of ten or more of the largest of 
these pits has not yielded any definite trace of a superimposed wooden 
structure, yet it has been concluded that they represent, in all probability, 
the remains of housesites. 

The possibility of a chronological sequence at the Fisher Site is due 
to the fact that the two large mounds are stratified in such a manner as 
to give definite “levels” of occupancy, each of which presents a distinct 
physical type as well as characteristic cultural differences. Figure 1 
schematizes the structural details of the West Mound. 


1American Anthropologist, Vol. 29, No. 3, pp. 153-206. 1927. 
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It is at once obvious that the Dark Seam above and below the Ash 
Layer offers an important bit of evidence as to sequence of burial, viz., 
in the oldest burials both seams are intact; in the next oldest the lower 
seam is penetrated while the upper is not. Finally, the Black Seam, fur- 
ther up, establishes a third landmark. 

The general characteristics of the Fisher Site, mound and pits, as 
described in notes furnished by Mrs. Langford, may be presented as 
follows: 


Surface: Post-European; human burials all brachycephals; iron, brass, 
silver, wood, bone, stone, shell artifacts, and porcelain beads. Found super- 
ficially in mounds EM and WM and in SE in its entirety. Also adjacent to 
SE and near Pit 6 and several other pits. 

Upper Level. Zone I: Brachycephals predominate; no artifacts or pot- 
tery. Found as intrusive above the Black Seam in EM and WM; as bundle 
burials in NGP and SSW; and as articulated intrusives in several smaller 
mounds. Zone II: Mesocephals buried in a crouching position; occasional 
stemmed arrows, bone tools and coarse grit-tempered sherds. Found in EM 
and WM between Black Seam and Ash Layer; also NGP, SSW, NW, W, and 
SW; as shallow ash pockets around the Pits. 

Middle Level. Zone I. Mesocephals buried on the side; plain grit-tem- 
pered pottery; bone culture extensive. Found in SM and WM between 
Black Seam and in Ash Layer and in SSW in part. In the Pits represented 
by intrusive cache and refuse pits with few human burials, some partially 
burned, with burned artifacts. Zone II: Brachycephals buried upon the 
back; profusely decorated shell-tempered and moderately decorated grit- 
tempered pottery; less extensive bone culture. Found in EM and WM below 
the Ash Layer and in SSW in part. In the Pits found as refuse and food 
holes, as human burial in P21, and as refuse-hole between wall and center. 
Zone III: Irregular burials of brachycephals; no pottery or artifacts. Found 
in EM and WM below the Ash Layer. 

Lower Level. Zone I: Non-prognathic mesocephals buried on the side. 
Found in EM and WM, and several burials in SW, NW, and SSW, and in 
Pits as scattered antler material and worked flint. Zone II: Crouching 
orthognathous dolicocephals; several marine shell ornaments the only arti- 
facts. Found in EM and WM. 

As regards extent of time, no conspicuous gap between Zones is 
evident. The widest gap seems to be between the Middle and Lower 
Levels, that between Middle and Upper being considerably less. 

The two Big Mounds seem to have been built up as follows: The 
Lower Levels burials are difficult of analysis. The lowest zone contain- 
ing “concealed” burials shows that all of the skulls found there are long- 
heads. The gravel above, below, and to the sides of them was relatively 
clean, with very little soil or soil-stained gravel. Graves in the zone 
above showed slight disturbance of gravel with traces of brown dirt 
similar to that resting elsewhere upon clean gravel and beneath the 


12 inches more or less of dark surface soil. Here, mesos predominate. 
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Apparently there was no mound over these Lower Level skeletons in the 
two big mounds, this being also true in the small mounds NW, SW and 
SSW. 

Nor does the prolific Middle Level Zone II of the two big mounds 
appear to have been part of a mound structure, for if conditions have 
been observed correctly, the top of the Ash Layer was once an exposed 
surface deposit and the spot was not as conspicuous as is the barely dis- 
tinguishable mound SSW. The soil above the Ash Layer seems to be 
the first transported material of a considerable amount, so that the 
mounds as they now stand were really the work of those ascribable to 
the Upper Level, and Zone I of the Middle Level, the brachys of the 
Middle, and the mesos and dolichos of the Lower, being in no sense 
mound-builders. SE, as has been explained, is of post-European origin. 


Post- 
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Fig. 1. Structure of West Mound. 

1. Upper 3’ of mound composed of loose dark surface soil; (continuous). 
9 


2. Black Seam—'%”-1” of dense black vegetable material; (continuous). 

3. Brown pebbly soil, 144’ thick; a hard compact mixture of dark earth and 
gravel becoming coarser at the bottom; (continuous). 

4. Ash Layer—6” thick, white ashes plus charcoal above and coarse brown 
soil plus ash below; contains broken animal bones and clam-shells, 
burned and unburned; deposits thickest over graves and in between 
made up of mixture of ash plus very hard light grave earth mixed 
with pebbles; ground level about, here; (continuous). 

5. Basic layer—9” thick brown pebbly and sandy soil, latter resting upon 

main gravel deposit. 


NGP and W although older are comparatively modern. This is true 
of NW and SW except for the concealed gravel burials which, like those 
in the two Big Mounds, show no signs that they were responsible for the 
structures above them. SSW contained Middle and Lower Level burials 
whose plane of origin was at or below the present ground level. Massed 
Upper Level burials had intruded, but no mound was built over them, 
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a distinction possibly accorded only to those buried in the flesh. That 
all of the mounds are quite recent compared with the earlier burials be- 
neath them, is, probably very near the truth. Apparently the early 
burial spots were detected by late comers who deposited their own dead 
in the same place. 

Nowhere upon the Fisher Site has there been found any trace of 
a stone or wooden structure. The Pits which we supposed would disclose 
large post-holes and remains of wooden beams did nothing of the sort. 
They yielded a few small holes near the side walls and many charred 
branches and rushes but nothing more. Most of the Pits had each a 
central fire hearth and several had ramps or causeways from the center 
sloping upward to the rim. The rims were high and the Pits rather 

















Fic. 2. Sketch map of the Adler Site. 


deep making a total depth of 6 to 8 feet which required a ladder or some 
means for exist. ‘The interpretation of the Pits is that they served as 
permanent shelters, the high side walls acting as wind-breaks and the 
central fire hearth furnishing artifical warmth. For protection from sun 
and rain overhead, a hedge of branches and rushes appears to have ex- 
tended around the side wall leaning to the center where a large opening 
remained to permit egress of smoke. 

The Pits are older than the intruding food holes and although may 
be very much older, possibly contemporaneous with Lower Levels burials, 
this latter is but an impression and rests upon an unsubstantial founda- 
tion. Surely the Pits may be ascribed to early Middle Level and are 
older than the various burial sites before mounds were heaped over them. 
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THE ADLER SITE. 


A second important site near Joliet is that known as the Adler 
Mounds, situated 1144 miles west of Joliet, on the right bank of the 
DesPlaines River. The group consists of eight mounds as shown in 
Figure 2, ranging in size from 50 feet in diameter and five feet high, 
to 15-25 feet in diameter and one-half to one foot high. 

The general structure of the eight mounds did not show any marked 
variation, one mound from the other. An oblong trench, averaging six 
by ten feet, and oriented in no particular direction, was dug through 
12 inches or more of rich black surface soil, another 10 inches or so of 
black soil containing stones, and finally 30 inches of compact stones, 
sandy clay, and small gravel. The bottom was cleared of protruding 
stones and the primary burials laid in, extended side by side, spaces 
around the walls being occupied by secondary burials of disarticulated 
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Fie. 3. Structure of Adler Mounds. 


skeletons. The grave was then filled in with dirt containing buff sandy 
clay, which in turn contained greatly weathered and fragmentary human 
bones. Apparently this earth had been brought in from the outside, 
possibly from another grave site, for several feet of digging in the vicinity 
was needed to reach earth containing clay. The filled-in earth was 
covered by 18 inches or more of rich black soil. (See Figures 3, 4, 5.) 

As far as could be ascertained each mound contained only one 
primary burial chamber, usually located near the center of the mound. 
All were purely burial mounds in which the skeletons were grouped in 
a single, comparatively small, central burial chamber. 

The Adler culture as represented by the primary burials is very 
distinctive: mode of burial and artifacts present characteristics not 
found at Fishers. Burials Ad. M5-7 and Ad. M5-8 (see Figure 6) 
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Fic. 4. (Upper left) View, looking south-by-southeast, of excavation in 
Adler Mound 6, showing location of central burial chamber. 

Fig. 5. (Upper right) The earth stratification as shown in Adler Mound 
6. To the right can be clearly seen the typical heavy gravel “wall” of the 
central chamber. From above down can be seen the successive strata of 
loam, black clayey soil, and heavy clay-gravel mixture, terminating with the 
hard-pan below. 

Fies. 6 and 7. See explanation on opposite page. 
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yielded caches of bone awls and a stone platform pipe. The mound Ad. 
M3-5 evidenced a very distinctive pottery unknown to the Fisher Site. 
Ad. M5 presented contact with the Upper Level of the Fisher group in 
the form of intrusive burials, Ad. M5-1, Ad. M5-5 and Ad. M5-6, 
(see Figure 7) lying from 18 to 30 inches below the surface. Ad. M5-6 
overlay the north corner of the central primary burial chamber. Finally 
Ad. M8 presented evidence of post-Kuropean contact in the instance of 
an intrusive burial which had buried with it a small brass circular buckle 
or brooch. 
SuMMaARY. 

The problem of the chronological correlation of the Fisher and 
Adler sites is an interesting one. More important, however, is the re- 
lation of these two sites to the general Upper Mississippi Valley culture. 

As a point of departure, it may be stated that the culture of the 
Fisher Middle Level is to be identified with the Fort Ancient culture of 
Ohio. The lower zone of the Middle Level, and the Lower Level, seem 
to tie up with the Pits. The Upper Level of Fisher appears to be related 
to the intrusive culture at Adler (Ad. M5). At both sites we have post- 
European. 

The primary culture at Adler does not appear to be related to any 
of the other cultures found at Fisher and Adler. If one may presume 
upon more or less fragmentary evidence as a basis, the Adler primary 
culture bears some resemblance to the Hopewell culture of Ohio,? 
specifically with reference to the use of mica, the presence of a stone 
platform pipe, and typical Hopewell pottery design. 

A recapitulation in order of priority, would offer the following 
chronological sequence : 

1. “Hopewell,” Adler primary. (Hopewell of Ohio?) 

2. Fisher Lower Level and Fisher Pits. 

3. Fisher Lower Zone of Middle Level and Fisher Pits. 

t, Fisher Middle Level and “Kankakee River Refuse Heap.” 
5. Fisher Upper Level and intrusives of Adler. 

6. Post-European at Fisher and Adler. 


2For a summary of the Fort Ancient and Hopewell cultures, see Shetrone, H. 
ety | Culture Problem in Ohio Archaeology.” Amer. Anthrop., Vol. XXII, 1920, 
* Langford, op. cit. p. 203. 

Fic. 6. (Lower left) Ad. M5-7 and Ad. M5-8, former top and to left, latter 
bottom and to right. Back of M5-7 can be noted a cache of bone awls, a 
flint knife and two antler-tip punches. At the right shoulder of M5-8 is an- 
other cache of bone awls. The stone platform pipe was found under the 
occiput of M5-8. 

Fic. 7. (Lower right) Ad. M5-6 (seen full length) and Ad. M5-5. These 
two intrusive burials were both extended, with the head of M5-5 upon that 
of M5-6. To the right of M5-6 can be noted the excavation for the central 
burial chamber. 
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This chronology cannot presume to be more than a tentative align- 
ment of cultures. In the first instance it is rather dangerous to refer 
to the Hopewell culture on the strength of but a few traits. One cannot 
say whether these were borrowed from or by the definite Hopewell cul- 
ture of Ohio. Again the priority of the Adler primary “Hopewell” is 
conjectural: it may be comtemporaneous with the Fisher Lower or even 
Middle Level, yet if it were one would expect an interrelationship be- 
tween these sites, but a scant 10 miles apart. Certain it is that Adler 
antedates Fisher Upper Level, and certain it is that the Fisher Mounds 
and Pits yield an exact relative correlation. It remains for future in- 
vestigation to fit the archaeology of the Chicago area, as typified by these 
two sites, into the general scheme of the Upper Mississippi Valley. 
When this is done it is our hope that the key for the interpretation of 
the origin and succession of cultures shall have been provided. 

The problem of absolute time is one which can be solved only 
through the cooperation of the geologist. In all excavations soil con- 
ditions have been carefully noted and “contour” readings taken at five 
foot intervals, giving an accurate picture of the soil stratification of the 
mound or village site. Various erosional peculiarities have been noted 
as they occur. The investigations now being conducted under the direc- 
tion of Dr. M. M. Leighton, Chief of the Illinois Geological Survey, on 
the relation of soil profiles, bids fair to throw much light on the im- 
portant problem of the exact date and duration of occupation. 
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ACCELERATED SLACKING TESTS OF SOME 
ILLINOIS COALS 
BY 
D. R. MircH ey 
University of Illinois, Urbana. 

Bituminous coals vary considerably in their tendency to slack when 
exposed to the weather. Some coals weather very easily, as the lower 
grade coals of the west. Some of these, the black lignites or sub- 
bituminous coals, slack to such an extent when exposed to the action of 
rain and sun that they cannot be shipped in open cars but must be 
transported in box cars. The higher rank coals, such as the anthracites, 
do not show any slacking tendencies and can be stored for long periods 
exposed to the weather with very little change in chemical or physical 
structure. In between these two extremes exists a great number of 
bituminous coals that show slacking tendencies of considerable variation. 

Information relating to this property of slacking should be of great 
importance to coal users who wish to store coal for several months ex- 
pos¢d to the weather. Coals that slack easily have a greater tendency to 
fire in the storage pile than those that do not slack so easily. Further- 
more, dealers handling sized coal suffer considerable loss due to the pro- 
duction of fines from the action of the weather on easily slacking coals. 
Frequently dealers remark that they won't handle certain coals because 
they do not store well. Although it is possible by modern storage 
methods to keep almost any coal in storage without loss from fires, yet 
it would seem the better policy, if there is any choice between coals, to 
put in storage only those that withstand to a great degree the ravages of 
the weather. 

The weathering of coal is a topic that has received considerable at- 
tention from chemists and engineers for some time. Several bulletins on 
this subject and the allied subject of storage have been published by the 
Engineering Experiment Station of the University of Illinois. The work 
of most scientists until recently has been a study of large samples of 
coal and of coal in storage piles, with very little work of a nature that 
would develop a laboratory means of evaluating the property of slacking. 
The technical staff of the United States Bureau of Mines has developed 
a laboratory method for the determination of the degree of slacking that 
a coal will undergo when exposed to the alternate action of drying and 
wetting. This gives the effect of weathering at a greatly accelerated rate. 
This method was used in making these tests on Illinois coals. 
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It has been suggested that data available from slacking tests could 
be used as a means of classifying coals. However, results so far obtained 
show such widely varying results, both in individual samples from the 
same mine and in samples from different mines in the same bed, that it 
is questionable whether there is any merit to this suggestion. 

It has also been suggested that slacking depends upon the amount 
of bed moisture in the coal. That is, it has been assumed that coals of 
high bed moisture slack readily while those of low bed moisture do not. 
As a wide generalization, this is probably true. However, data available 
show so much variation that it seems there must be other factors that 
have as much influence as the moisture. Some of the high moisture 
coals show slacking tendencies comparable to low-moisture coals. It 
would seem that as a basis for classification, the careful determination of 
bed moisture might be used since repeated analyses of moisture for a 
given mine are of great uniformity. It is doubtful whether such a classi- 
fication could be correlated with slacking data. 

An answer to the above variations might be found in a better un- 
derstanding of the nature of moisture in coal. There is very little 
definite information pertaining to water in coal. It is generally con- 
ceded to be locked up in the pores of the coal. It is possible that certain 
kinds of coal in a given bed may contain more water than other kinds. 
That is, fusain is porous and fibrous while vitrain and clarain are not. 
The fusain in a given bed may contain considerably more water than the 
other types mentioned. 

Some of the water in coal is readily given up upon exposure to the 
air; some is not. A point of stabilization is reached when the vapor 
tension of the water in the coal reaches that of the water in the air. As 
the humidity of the air changes, so will the amount of moisture re- 
tained in the coal change. 

Furthermore, high-moisture coals are high-oxygen coals. The one 
goes hand-in-hand with the other. Coals high in oxygen weather easily. 
Those low in oxygen do not weather so easily. High-oxygen coal oxi- 
dizes more than low-oxygen coals, although not necessarily in direct 
proportion to the oxygen content or to the moisture content. This dif- 
ference in the rate or degree of oxidizing under given conditions has 
been used as a means of determining the tendency of a coal to weather.* 
A study of the data from such tests corroborates previous statements in 
that only a very broad generalization can be made, that is, that coals 
weather according to the bed moisture present. Exceptions are noted as 
in slacking tests which tend to show that other factors than moisture 
have a powerful influence. 


* Determination of Mineral Matter in Coal and Fractional Studies of Coal, 
M. E. reprint of “The Classification of Coal,” 1930. 
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The proposed tentative method of the United States Bureau of 
Mines for determining the slacking properties of coal is briefed as 
follows: 

1. Not less than three and preferably five samples of fresh coal should 
be taken from the mine representing different locations. 

2. The samples to consist of 30-50 lumps of approximately 14-inch 
cubes. These cubes should be placed in a sample can and the voids around 
the cubes filled with fine coal to prevent abrasion and oxidation of the cubes 
in transit to the laboratory. 

3. On receipt at the laboratory, screen out the fine coal used for pack- 
ing by placing the coal on a 44-inch screen. The fine material simply drops 
through the screen without the necessity of shaking. 

4. Discard any pieces that show evidence of being cracked or crushed. 
Weigh and determine air drying loss in a standard oven at 30 to 35°C for 
24 hours. 4 


5. Remove the sample from the oven, weigh and immerse in water for 
one hour. 


6. The coal is drained and dried again in the oven at 30 to 35°C for 
24 hours. 

7. Remove the sample from the oven and place the coal on a standard 
44-inch square mesh sieve. The sieve is shaken gently so that fine coal par- 
ticles will drop through. The sieve should not be shaken vigorously enough 
to break any of the cubes. 

8. Weigh the oversize and undersize and calculate the percentage of 
undersize. 

9. This constitutes the first cycle. Repeat the alternating wetting and 
drying until 8 cycles have been completed in the case of coals that do not 
slack readily. The cumulative percentage of the fines produced at each cycle 
is taken as an index of the slacking characteristics of the coal. 

The table of results gives data obtained from some Illinois coals and 
one sample of sub-bituminous coal from Wyoming. Cycle number 8 
gives the cumulative percentage of fines passing through the 14-inch 
square mesh sieve at the end of the eighth cycle. The average of the in- 
dividual samples for each mine is given in the average column. 

A study of the data is interesting. The sub-bituminous coal from 
Wyoming slacked down completely in four cycles, and was practically all 
slacked down at the end of the second cycle except for a few hard bony 
particles. This is much faster than any of the Illinois coal samples; also 
the action was different. The Wyoming coal upon drying checked and 
cracked, and when immersed in water the cubes completely broke down 
into fine pieces. The Illinois coals did not check or crack on being dried, 
and instead of the coal substance disintegrating upon being wetted, it 
was more of a slow breaking up of the pieces along bedding planes and 
vertical cleavage planes. 

Bony streaks and pieces tend to retard slacking. The hard bony 
pieces resist the action of alternate wetting and drying and are the last 
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to break down. This fact was noticed in all samples in which bony coal 
was present. 

Fusain or mineral charcoal has a marked effect in the manner in 
which Illinois coals break up in slacking. It is prevalent in all Illinois 
coals, occurring chiefly along bedding planes. The first evidence of 
slacking was along these bedding planes. Fusain is porous, and un- 
doubtedly the absorption of water along these bands and streaks caused 
the cubes to break there. This may be due to the water penetrating into 
the minute capillaries along these bands. 

Shale bands, in many instances, are very much like clay. These 
bands tend to go into suspension in water, and the cubes break along 
these clayey bands if they are present. 

Calcite, gypsum, and flake pyrite fillings along vertical cleavage 
planes exert a marked influence in breaking of pieces. The cubes seem 
to break along these vertical cleavage planes almost as easily as along 
the fusain bands. The breaking of the cubes in this manner along the 
fusain bands and vertical cleavage planes causes more or less of the coal 
substance to spawl off. This action of slacking of the Illinois coals is 
considerably different from the slacking of the Wyoming coal. 


CONCLUSIONS 

1. Laboratory slacking tests are valuable as a means of evaluating 
the degree to which a coal will withstand degradation upon exposure to 
the action of weather. 

2. Coals of the sub-bituminous type, as shown by the sample from 
Wyoming, disintegrate entirely. 

3. Illinois coals vary considerably in their slacking characteristics 
but differ markedly from coals of the Wyoming type tested. 

t. Bony particles tend to withstand the slacking action better than 
the pure coal pieces. 

5. Fusain and clay bands, calcite and pyrite fillings in vertical 
cleavage planes exert a marked influence in causing the coal to break 
down during the slacking operation. 

6. Slacking tests are of questionable value for coal-classification 
purposes. 

7. Mines only a few miles apart working the same bed of coal 
show quite different slacking characteristics. 
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NOTES ON THE PENNSYLVANIAN ROCKS OF 
JASPER COUNTY, ILLINOIS 
BY 
C. E. NEEDHAM 


Northwestern University, Evanston. 


Jasper County, Illinois, is located in the southern part of the state, 
approximately 200 miles south and a little west of Chicago and 125 
miles east and a little north of St. Louis. The surface of Jasper County, 
on the whole, is remarkably flat and featureless. Perhaps the greatest 
relief is to be found in the southwestern part of the county in South 
Muddy Township, where most of the streams have reached maturity and 
dissected the uplands rather thoroughly. But even here the divides be- 
tween streams are frequently wide and flat. About three miles south- 
west of Newton, the county seat, there is a low conspicuous ridge, locally 
known as the Perrine Hill, running in a general east-west direction. 
Worthen’ thought this ridge might be an escarpment formed on a sand- 
stone stratum, but to the present writer it also strongly suggests a 
moraini¢ ridge. 

GEOLOGY 

The surface material of the county consists of a blanket of loess or 
loess-like silt. Over much of the county it is so thin as to be almost 
negligible, but according to Dr. M. M. Leighton? it is thick enough 
along the east bluffs of the Embarrass River to be easily mapped. 

selow the thin covering of loess lies the well-weathered Illinoian 
drift sheet. Its thickness is variable, but for the area southwest of New- 
ton it appears to average 15 to 20 feet. 

The bed rock of the county consists entirely of the McLeansboro 
formation, Pennsylvanian in age. It is made up of a great thickness of 
sandstones, siltstones, shales, limestones, and a few thin coal seams. The 
extreme thickness of this formation is shown by a test hole sunk several 
years ago on the Perrine Hill in sec. 23, T. 6 N., R. 9 E. which pene- 
trated the entire thickness of the Pennsylvanian formations and well 
into the Mississippian system. As pointed out by Dr. G. H. Cady,’ it is 


1 Worthen, A. H., Ill. Geol. Sur. Vol. VI, p. 33, 1875. 
? Personal communication, 1929. 
* Personal communication, 1930. 
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difficult to locate the base of the McLeansboro formation from the well 
log. but it appears that this formation may have a thickness at this point 
of over 1,100 feet. Since Jasper County is not far from the deepest 
part of the Pennsylvanian basin, it follows that the outcrops of the Me- 
Leansboro formation here are very nearly at the top of the section. 

Exposures of the bed roek are not numerous in the county because 
of the relatively slight amount of erosion accomplished by the streams 
since the retreat of the Illinoian ice. However, exposures are probably 
more plentiful than is generally supposed, for the thin blanket of drift 
is easily cut through, even by small streams. Also, vertical sections of 
any great thickness are difficult or impossible to find because of the 
nearly horizontal attitude of the strata. Consequently, a section of as 
much as 20 or 25 feet shows the bed rock underlying a considerable 
area. 

Outcrops are fairly numerous along the Embarrass River near New- 
ton and St. Marie. These were described by Worthen* many years ago. 
The rocks in this vicinity are sandstones, shales, and impure limestones ; 
one thin coal bed was mentioned. This coal with its associated shales 
and sandstones outcrops along Brush Creek, a tributary of the Em- 
barrass River, about a mile southeast of Newton. It is known locally as 
the Brush Creek coal and has been mined to some extent for a number 
of years by members of the Jourdan family. Worthen’ believed this coal 
correlated with No. 14 or 15 of the general section. Sufficient work has 
not been done since then by the Illinois Geological Survey to determine 
whether or not this is correct. 

Some interesting exposures have been studied recently by the 
present writer, and so far as known they have not been visited or de- 
scribed by other geologists. The area lies in the southwestern part of the 
county in Smallwood Township in sees. 3, 4, 9, 10, 11, and 14, T. 5 N., 
R. 9 E. The outcrops are best shown along East Weather Creek in secs. 
3, 4, and 9 and may be taken as the type section for this immediate 
vicinity. The section described below begins near the center of sec. 9. 
Almost continuous outcrops may be traced along the creek for more than 
one and a half miles northeastward, or to the north boundary of see. 3. 

Much the same sequence is shown along Hurricane Creek in sees. 3, 
10, 11, and 14, although the exposures are not shown nearly as well as 
they are along East Weather Creek. 


*Op. cit. p. 32-35. 
5 Op. cit. p. 32. 
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Section ALONG East WEATHER CREEK, Secs. 3, 4, anD 9, T. 5 N., R. 9 E,, 
JASPER Co., ILLINOIS 


McLeansboro Formation Feet Inches 
6: Shale, Gark to Ulack, very Basile. ..6. ccs cecvcsctes 
is: Speers UU Rn NO re a lS a Sates aie Sic a 3 
4. Limestone, gray to buff, pure, hard, coquina-like........ 6 to8 
3. Clay, gray, firm, non-stratified, carbon stained, starch- 
like fracture, caicareous in part, no fossils observed. . 11 


2. Siltstone and shale, interbedded and lenticular, gray to 
buff, calcareous, micaceous and slightly sandy, non- 
fossiliferous, indurated nodular masses of impure 





PED So Gece wa Nae ais seh cis whe Hho Cdn eae eewned 5 
1. Shale, gray, soft, laminated, micaceous, thin lenses of 
micaceous sandstone, slightly calcareous in part, non- 
IR io ole pir sacle sre peed baw ee Kea ehna reas ekN 9 
ad ates SARs cekee be hehe ea enereadoms eh 26 2 


SHAMROCK LIMESTONE MEMBER 


The limestone, No. 4 in the above section, is the only true lime- 
stone known thus far in this part of Jasper County. The writer has 
traced it for considerable distances along East Weather and Hurricane 
creeks, and it has been reported in a shallow water well on the Perrine 
Hill. Although this is a relatively small area, it seems to indicate that 
this limestone is of fairly wide distribution; and wherever it has been 
observed its general characteristics have been well preserved throughout. 
Because it stands out well in this area and is easily recognized, it may 
prove valuable for future correlation purposes and for detailed geologic 
mapping. Therefore, it is here proposed that the name Shamrock be 
given to this member. This name is selected because of typical ex- 
posures in sec, 3 in the vicinity of the village of Shamrock. 

The Shamrock limestone member, as pointed out in the above sec- 
tion, is a hard, crystalline, platy limestone having a thickness of 6 to 8 
inches. It is usually gray on a fresh surface, but may turn slightly buff 
on exposure. It is a true coquina limestone. The fossils are generally 
fragmentary and difficult to remove from the hard matrix. Brachiopods 
and crinoid stems are present in great numbers; gastropods and. pelecy- 
pods are also present. Close, careful collecting should yield an interest- 
ing and instructive fauna. 

No analyses are available, so far as known, for this limestone, but 
it is probably high in calcium carbonate content. This section of Jasper 
County is sadly in need of a good limestone for agricultural purposes, 
hut the Shamrock member appears to be too thin and covered by too 
great an overburden of glacial drift to be available for this purpose. Be- 


fore the days of concrete this limestone was much quarried along East 


Weather Creek and used for foundation blocks under houses and barns. 
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CONCLUSIONS 


The exposures described above, although small in extent both hori- 
zontally and vertically, are believed to be a slight contribution to the 
geology of southwestern Jasper County. Sufficient data have not been 
collected from which to draw important conclusions. That group of 
counties in southern Illinois near the deepest part of the great 
Pennsylvanian basin have yielded neither coal nor petroleum in any 
quantity. For this reason they have received less attention from 
geologists than many other parts of the state. It is hoped that this may 
be a slight advance in the direction of better understanding of condi- 
tions in the extreme upper part of the McLeansboro formation, which 
marks the closing stages of the Pennsylvanian Period. 


COAL BALL FLORAS OF ILLINOIS 
BY 
A. C. Not 
University of Chicago and State Geological Survey. 

The “coal ball” floras of Europe, except the permian coal balls of 
France, were formed in the Lower Carboniferous', while those of the 
Illinois-Kentucky-Indiana basin do not go below coal seam No. 5 in 
Illinois and No. 9 in Kentucky, which can be correlated with seams in 
the Stephanien of Europe, which is the upper section of the Upper 
Carboniferous. 

Nevertheless, most American genera and species of coal ball plants 
can be found in European coal balls. A comparison of the respective 
floras is given below. ‘The following list has been compiled from pub- 
lished and unpublished observations by J. Hobart Hoskins, Doris Fredda 
Reed, Inez M. Clark, and the author of this paper. 

‘Max Hirmer, Ueber Vorkommen and Verbreitung der DolomitkKnollen und deren 


Flora. Congrés pour Vadvancement des études de stratigraphie carbonifére. 
Compt. rendu. Heerlen 1927, pp. 289-312. 
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Coat BALL FLORA OF ILLINOIS- 
KENTUCKY-INDIANA 

Lycopodiales: 

Lepidodendron selaginoides 

Lepidodendron Harcourti 

Lepidodendron Hickii 

Lepidocarpon Lomaxi 

Lepidostrobus 

Lepidodendron spores 

Sigillaria stem 

Stigmaria ficoides 


Articulatales: 
Arthropitys communis 
Calamostachys oldhamia 
Sphenophyllum plurifoliatum 


Filicales: 
Botryopteris forensis 
Botryopteris tridentata 


Botryopteris petioles 


Ankyriopteris petioles 
Etapteris Lacattei 
Scolecopteris sporangia 
Sturiella sporangia 
Ptychocarpus 
Pteridotheca 
Psaronius stem 
Medullosa roots 
Myeloxylon 
Lagenostoma Lomaxi 
Trigonocarpus 


Cordaitales: 


Cordaites sp. 
Cardiocarpon 


THE SAME TYPES OBSERVED 
IN EUROPE 


England 

Belgium 

England, Holland, Donetz Basin 
England 

England 

England 

England 

Everywhere 


Everywhere 
England 
Everywhere 


France (Permian) 

England, Belgium, Holland, West- 
phalia 

England, Belgium, Holland, West- 
phalia 

England 

France (Permian) 

France (Permian) 

France (Permian) 

Not observed 

England 

Not observed 

England 

Everywhere 

England 

England 


England 
England 
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THE STRATIGRAPHY OF THE MIDDLE DEVONIAN 
OF THE TENNESSEE BASIN 


BY 


Joe Wess PEOPLES 


Northwestern University, Evanston. 


The presence of strata of Middle Devonian age in the valley of the 
Harpeth River in Davidson and Cheatham counties, Tennessee, has been 
recognized at least since 1901, when Foerste’ briefly described the occur- 
rence of from 3 to 12 feet of Middle Devonian limestone in three local- 
ities between Newson and the bridge a mile and a half west of Pegram, 
Tennessee. These strata he designated as the Pegram formation be- 
cause of their occurrence in the vicinity of the town of that name. On 
the basis of fossils found he correlated the upper part with the Sellers- 
burg of Indiana, and indicated the possible Corniferous equivalence of 
the lower part. In a later paper,* Foerste described three feet of lime- 
stone near Bakerville, Tennessee, which he considered the equivalent of 
the Pegram formation. Without regard to the Sellersburg species previ- 
ously found near Pegram station, he correlated the Pegram limestone 
with the older Jeffersonville (Onondaga) limestone of Indiana on the 
basis of the abundant coral fauna found near Bakerville. Pate and Bas- 
sler.®> Drake. Miser.® Dunbar,* and Jillson,’ have mentioned the Pegram 
but the attention given this formation has always been secondary. In all 
only six widely scattered occurrences have been noted. 

The purpose of this paper is to present the results of a study of the 
areal distribution, lithologic character, fauna, and correlation of the 
Middle Devonian in Cheatham and Davidson counties, Tennessee. The 
writer gratefully acknowledges his indebtedness to Dr. Pohl for indis- 
pensable suggestions in all phases of the problem as well as for the 
identification of some half dozen species. 

'Foerste, A., Silurian and Devonian Limestones of Tennessee and Kentucky. 
G. S.A. XII, pp. 425-426, 1901. 

* Jour. Geol. XI, pp. 687-688, 1903. 

* Proc. U. S. National Museum, Vol. 34, p. 430, 1908 

* Resources of Tenn., Vol. IV, p. 105, July, 1914. 

* Mineral Resources of the Waynesboro Quadrangle. Tenn. Geol. Survey, Bull. 
26, pp. 23-31, 1921. 

®* Stratigraphy and Correlation of the Devonian of Western Tennessee. Tenn. 


Geol. Survey, Bull. 21, pp. 90-91, 1919 
TUnique Devonic Sand-bar. Pan-Amer. Geol., Vol. 40, pp. 3338-340, 1923. 
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DISTRIBUTION 


Four of the six previously described occurrences of Middle Devonian 
in Tennessee are in the valley of the Harpeth River west of Nashville. 
The next occurrence is 50 miles to the west at the “whirl” on Buffalo 
River, 4 miles north of Bakerville. Another occurrence is known about 
50 miles to the south of Bakerville near Forty-eight post-office in 
Wayne County. 

During the winter of 1929-30, Dr. E. R. Pohl found in Trousdale 
and Sumner counties some outcrops of a sandstone and a limestone, both 
of which he identified as equivalent to the Jeffersonville formation at 
the Falls of the Ohio.* Thus the presence of Mid-Devonian rocks in 
Tennessee is known from scattered exposures on the north and west 
flanks of the Nashville Dome. 

The Harpeth River, like the other streams which drain the Central 
Basin, leaves it in a relatively narrow groove cut into the Highland 
Rim. The valleys of its tributaries are youthful. The field study made 
by the writer has shown that the Middle Devonian occurs in extensive 
exposure in the valleys of the Harpeth River and its tributaries in 
Davidson and Cheatham counties. The eastermost occurrence (locality 
15) lies in an air-line a mile and a quarter northeast of Newsom. The 
westermost exposure is found at the Narrows of the Harpeth River, 
three miles north of Kingston Springs. 

The distribution of the two stratigraphic units composing the 
Pegram formation is worthy of note, for the Pegram formation at its 
type locality consists of two parts, clearly differentiated by their faunal 
character. As a result of this study the upper beds are correlated with 
the Sellersburg of Indiana, the lower beds with the Jeffersonville of the 
same state. It is proposed to drop the name Pegram limestone and to 
extend the use of Jeffersonville and Sellersburg to include their re- 
spective time equivalents in Tennessee.° 

That the Jeffersonville and Sellersburg formations are not co- 
extensive in the valley of the Harpeth River is perhaps significant. The 
Jeffersonville formation is found at all exposures of the Middle 
Devonian, but the Sellersburg has not been identified east of Pegram 
station. It occurs, however, at localities 1, 2, and 3. (See sketch map.) 


8 This work is as yet unpublished, but Dr. Pohl has kindly furnished the writer 
with a list of the fossils identified, and has given permission for this mention of 
his work. 

* Pohl, E. R., Devonic Record in Central Tennessee. (Abst.) G. S. A. Meeting, 
1929. (Abst.) Pan-American Geol. Vol. 53, p. 150, 1930. 
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CHARACTER 


In the Central Basin, the Sellersburg formation consists largely of 
gray, massive, crystalline limestone, the upper part of which is often 
distinctly arenaceous and contains little masses of pyrite. In at least one 
exposure, (locality 1) the top member is a thin, gray, fossiliferous shale 
bed, containing nodules of marcasite. 

The Jeffersonville formation has as its top member in several lo- 
calities, a light brown, loosely cemented, saccharoidal sandstone. This 
sandstone is an inconstant member, and is quite variable in thickness, 








SKETCH MAP 
of Part of 
CHEATHAM COUNTY, 
And 
DAVIDSON COUNTY, 
TENNESSEE. 


Exposures of 
we ~Niddle Devonian 














although in general, it is thickest toward the east near the old Middle 
Devonian shore line.° 

In central Tennessee, the Jeffersonville limestone member is white 
to pink, massive, crystalline, and crinoidal, with small lenses of sac- 
charoidal sandstone, one to four inches thick at various intervals. The 
lower portion of the limestone is generally pinkish in color, and is fre- 
quently more coarsely crystalline than the upper part. The limestone is 
relatively pure. A chemical analysis made by the writer showed a 96.9% 
calcium carbonate content. 
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The thickness of the Middle Devonian in the Harpeth River valley 
cannot be dismissed with the statement that it thickens to the west, as 
Foerste suggested in 1901. The thickest measured section of the Jeffer- 
sonville occurs near the eastern limit of exposure in Davidson County 
(locality 15). Here the section consists of fourteen feet of limestone and 
five feet of sandstone. At Newsom, a mile and a quarter to the south- 
west, only 32 inches of limestone are present at the eastermost exposure. 
However, from Newsom, there seems to be a general increase in thick- 
ness toward the west. The section at the Narrows of the Harpeth River, 
the westermost exposure of the Mid-Devonian in Cheatham County, is 
probably the thickest of all, though definite measurements have not been 
made. 

The few known exposures of the Sellersburg show a thinning to the 
east. However, the formation is always thin, the thickest section being 
three feet, four inches. 

The character and relationship of the Middle Devonian is best il- 
lustrated by two selected sections, the first of which was made at locality 
1 (see sketch map). Locality 1 is at the bluff on the north side of Ten- 
nessee State Highway No. 1, two and one-fifth miles west of Pegram, 
Cheatham County, Tennessee. Within the last year or two, in rebuilding 
the road, a portion of the bluff has been newly exposed through blasting. 
To the east, a gentle anticline and slope of the road, combine to raise 
the Devonian formation from road level to twenty feet or more above the 
road. The section exposed is as follows: 


GrEOLoGiIc Section AT LocaLity 1 


Waverlian 
Kinderhook group 
Ridgetop formation 
Gray shale with bands of chert... .........ssec0es0% 35 ft. 
Chattanooga group 
Chattanooga formation 
Se LEE, DINNNO o6 6.5. 06.65.55 a Wen esis eee ree en 20 ft. 
PROTA BRNGHONS WOME v6 oi ise cicec KeA dea a Shs 
Devonian 
Traverse group 
Sellersburg formation 
Gray, shaly member containing nodules of pyrite. 
Fossiliferous with various species of Zaphrentis, 
Heterophrentis, Heliophyllum, Cystiphyllum, 
Cyathophyllum, Favosites; also, Aulacophyl- 


lum conigerum, Ancyrocrinus bulbosus var., 
Rhipidomella penelope, Platyceras dumosum, 
Te CET er eee 8 in 


Massive, gray, crystalline, arenaceous limestone 
with Ancyrocrinus bulbosus var., Athyris ful- 
tourette. PYOCHUS OD. GRO. oosivsdtes sages Sience 2 ft. 8 in. 
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Onondaga group 
Jeffersonville formation 
Pinkish or brownish, coarsely crystalline, crinoidal 
limestone with Atrypa reticularis, ete............. 3 ft. 7 in. 
Massive, white to gray, crystalline limestone with 
Atrypa reticularis, Favosites turbinatus, Bus- 
er ee ee er ee re eerie 4 ft. 9 in. 
Silurian 
Niagaran group 
Lobelville formation (exposed in dome along road) 
PE Nha So hoa dak occa beeades aVewnde seekers 3s. 
Se Tee TOI i os kardon ae onc dabecascucus 7 ft. 6 in. 
Thin bedded shaly limestone, brownish on weath- 
ered surface. Very fossiliferous, corals espe- 
cially abundant, discoid Favosites, other Favo- 
sites, Blothrophyllum, decorticatum, Heliolites 
interstinctus, various cup corals, brachiopods, 
SRE Le Oe See ree en ery Pie ee ee ey SIR 4 ft. 


Behind a negro cabin on the north side of the Memphis to Bristol 
highway, a half mile east of the intersection with the Newsom road, one 
of the best sections of the Jeffersonville is exposed. The Chattanooga 
shale forms a sloping, covered shelf above. Only a few feet of the for- 
mations below the Devonian are exposed. To the east, the Jeffersonville 
thins out and disappears. 


GEOLOGIC Section aT Locanity 15 
Waverlian 
Chattanooga group 
Chattanooga formation 
eee Orr eee ere cr rete 12 ft. 
EEQPGIM SOMGHUOMNS MIOTRDE... oo icc ccc csc cccscaces 1 ft. 2 in. 
Devonian 
Onondaga group 
Jeffersonville formation 
Sandstone member: Brown to reddish saccharoidal 
ID ha 80ers e Verne Ceeert es Wheweudecarenes 5 ft. 3 in. 
Limestone member: White to pink, crystalline, 
crinoidal limestone, with little lenses of saccha- 
roidal sandstone, 1 to 4 inches thick in the 
upper part. Very fossiliferous especially at 
the top, with Hadrophyllum orbignyi, a number 
of bryozoa, including Cystodictya gilberti, 
Polypora levinodata, P. shumardi; a number of 
brachiopods especially Pholidostrophia iowacn- 
sis, Stropheodonta demissa, Chonetes muchron- 
atus, Camarotoechia tethys, Centronella glans- 
fagea and Spirifer varicosus; also Platyceras 
dumosum, Proetus clarus, P. crassimarginatus, 
Dalmanites anchiops, Kirkbya cf. subquadrata, 
etc. Five feet below the sandstone member 
were found a number of Leptaena rhomboidalis. 
Fossils were found in all parts of the limestone 
Pe re ne eee re ene ee 14 ft. 3 in. 
Silurian 
Niagara group 
Lego formation 
Massive, brownish gray, crystalline limestone...... 20 ft. 
Laurel formation 
Massive, blue-gray limestone, to stream level. 




















Name 








_ 
SODWNA Oe We 





Hadrophyllum orbignyi E. & H_-_______. nei Sas 
a cornalba Davis__....._. 








Heterophrentis ep. prolifica (Billings) _. 
Aulacophyllum conigerum Davis__._- 


Cyathophyllum pustulosum Davis. 
Heliophyllum cp. exiguum (Billings 
i LS) Saree 
Hi . 

i 
Cc ystiphyllum ef. americanum E. & H. 
C. ef. ohiense Nicholson. -._......_. 
Favosites digitatus Rominger_...____. 
F. emmonsi Rominger 
F. placenta Rominger- 
F. ~ games Billings - 

















Aue cornuta Billings. ..._...._. 
Nucleocrinus verneuili (Troost). ____- 
Ancyrocrinus bulbosus var. Hall__ 
Fistulipora subcava (Hall)_______- 
Buskopora lunata (Rominger)..____- 
Fenestella depressa Hall__________- 

F. cf. singularitas Hall_....___. 
F. cf. variopora Hall 
Semicoscinium interruptum ‘Hall 


S. sp 2 
Unitrypa tegulata (Hall) 
Polypora levinodata Hall 

P. rigida (Hall) 

P . shumardi Prout 

P.s 

Piilop: yrella bifurca Ulrich 
Ptiloperina sp 

Reteporina cf rhombifera (Hall) 
Cyst of Dictya gilberti (Meek) 

C. rigida (Hall) 

Lichenalia ep. torta Hall 

Crania sp 

Rhipidomella goodwini (Nettleroth 
R. penelope (Hall) : 

R. Vanuxemi ( Hall) --- 

Leptaena rhomboidalis (Wilekens) 
Stropheodonta concava Hall 
Stropheodonta demissa (Conrad) 
S. hemispherica Hall 
Leptostrophia perplana (Conrad 
Pholidostrophia iowaensis (Owen) 
Tropidolept us carinatus Conrad 
Schuchertella arctistriata Hall 

S. ef. perversa (Hall) 

Chonetes mucronatus (Hall 

C. yandellanus Hall 

Pentamerella arata (Conrad 

Cam: nar apg hia earolina (Hall 

C. sappho (Hall) 

C. tethys (Billings) 

Centronella glansfagea (Hall 
Eunella lincklaeni (Hall) 

Atrypa reticularis (Linnaeus) 
Spirifer arctisegment: all 





Ss. fornaculu 





S. gregarius 
s grieri H 

S« m .cronatus (Conrad 

Ss. oweni Hall 

s ricosus Hall 

Cyrti: ear hami!lto sis (H 
C. ef. crassa Hall 

Athvris fultonensis (S ae 
4 eria decussata Co 
Leiopt« s} 


Plat yeeras dumosum Conrad 
Proetus clarus Hall 
P. crassimarginatus Hall 


P. sp 
Dalmanites anchiops (Gree 


Kirkbya ef. subquadrata Ulrich 
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FAUNA 


The Middle Devonian of central Tennessee contains an abundaut 
fauna, and it is believed that the following list of eighty identified 
species represents only a fraction of what the beds will yield upon care- 
ful study. 

The faunal table below gives the species of the Jeffersonville and 
Sellersburg formations in Tennessee. The species that are common to 
this locality and certain Middle Devonian formations of other states are 
shown. The species indicated as occurring at the Falls of the Ohio are 
taken from the list by Butts.*° The Columbus forms are from Stauffer’s 


list.14. Savage has given a list for the Grand Tower of Illinois.*? 


CORRELATION 


As has been intimated, all who have noted the so-called Pegram 
formation have not agreed upon the exact place it should occupy in the 
time scale. In order to make a proper correlation of this formation, col- 
lections were made at a number of localities and from all horizons. The 
faunal evidence seems conclusive for the correlation given. 

Three exposures of the so-called Pegram beds show a faunal break 
within two to three and one-half feet of the top of the section. Only 
seven species of the eighty forms identified are common to the two 
horizons. Four of the seven species common to the two members show 
distinct differences as they occur in the two horizons. The four species 
are Rhipidomella penelope, Schuchertella arctistriata, Cyrtina near 
hamiltonensis, and Platyceras dumosum, Although the large faunal 
break is represented by an almost imperceptible physical break, the so- 
called Pegram limestone clearly comprises two formations. ‘Twenty-nine 
species from the upper formation have been identified specifically and 
may be used for correlation purposes. Butts'® lists 21 of these as occur- 
ring in the Sellersburg at the Falls of the Ohio. Of the remaining eight 
species Actinopteria decussata and Spirifer ep. mucronatus indicate beds 


vounger than the Onondaga. The forms especially indicative of the 


Sellersburg are: Zaphrentis cornalba Davis, Cyathyph ylium pustulosum 
Davis, Cystiphyllum ef. americanum Edwards & Haime, Cys yllum 
cf. ohiense Nicholson, Favosites placenta Rominger, A/veolites goldfuss 


"Geology of Jefferson County, Kentucky. Ky. Geol. Surv., Ser. LV, Vol. UML, 
Pt. II, 1915. p. 105. 

™ Middle Devonian of Ohio. Geol. Survey of Ohio, 4th Ser., Bull. 10, pp. 160, 
1909, 

!2The Grand Tower (Onondaga) Formation of Illinois and Its Relation to the 
Jeffersonville of Indiana. Ill. Academy of Science, Trans. Vol. 3, pp. 116, 1910. 
8 Op. cit. pp. 124-128. 
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Billings, Ancyrocrinus bulbosus var. Hall, Rhipidomella goodwini (Net- 
tleroth), Tropidoleptus carinatus (Conrad), and Camarotoechia sappho 
(Hall). 

The faunal evidence seems sufficient basis for correlation with the 
Sellersburg of Indiana and Kentucky. The Sellersburg formation has 
commonly been classified as equivalent to the Hamilton of New York. 
In 1929, Pohl'* suggested that the Sellersburg is equivalent to the 
Traverse of Michigan. 

The older formation comprising the Middle Devonian of Cheatham 
and Davidson Counties is considered the equivalent or at least the part 
equivalent of the Jeffersonville of Indiana and Kentucky. Forty-nine 
forms from this older formation have been identified. Butts has listed 
39 of these as occurring in the Jeffersonville at the Falls of the Ohio. 
Several are characteristic Onondaga species, such as, Hadrophyllum 
orbignyi Edwards and Haime, Favosites emmonsi Rominger, Nucleo- 
crinus verneuili (Troost), Camarotoechia tethys (Green), Spirifer 
gregarius (Clapp), Spirifer griert Hall, and Kirkbya subquadrata 
Ulrich. All of the 17 species of bryozoa identified indicate equivalence 
to the Jeffersonville. Butts gives 87 species of bryozoa for the Jefferson- 
ville at the Falls of the Ohio, and only two for the Sellersburg at the 
same locality. The close similarity of faunas indicates a correspondence 
of the older formation with the Jeffersonville of Indiana. Pohl has re- 
cently made this same correlation. 

The older formation of the Middle Devonian of central Tennessee is 
also closely related to the Grand Tower of Illinois as shown by a com- 
parison of faunas. Twenty-seven species are common to the two forma- 
tions. Nearly all of these occur in the upper half of the Grand Tower, 
while a number are absent from the lower part of that formation. This 
is to be expected, for Savage concluded that the upper part of the Grand 
Tower is equivalent to the Jeffersonville formation, and that the lower 
beds are not represented in Indiana or Kentucky. 


SUMMARY 


1. Beds of Middle Devonian age have been found not only in the 
four previously mentioned localities but in nearly all places in the 
valley of the Harpeth River where the structure and topography are 
favorable for their exposure. 

2. The Middle Devonian in this region does not thicken uniformly 
to the west as suggested by Foerste but is quite variable in thickness. 


4 Correlation throughout the Mississippi Basin, read before the Tenn. Acad. 
Sci. Nov., 1929. 
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3. Beds of this age in the Central Basin comprise two distinct 
stratigraphic units. 

4. The upper formation is correlated with the Sellersburg of In- 
diana and Kentucky and the Traverse of Michigan. 

5. The lower formation is considered the equivalent or part 
equivalent of the Jeffersonville of Indiana and Kentucky, the Columbus 
of Ohio, the upper part of the Grand Tower of Illinois and the 
Onondaga of New York. 

6. The name Pegram is dropped since it comprises beds belonging 
to two different groups of the Middle Devonian. The use of Jefferson- 
ville and Sellersburg is extended to include beds of the same age in Ten- 
nessee. 
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ON THE GEOLOGY OF CHAMPAIGN COUNTY 
BY 
T. E. SavaGe 
University of Illinois, Urbana. 


Champaign is one of the few counties in Illinois in which not a 
single exposure of hard rock is known. Consequently, our knowledge of 
these rocks is obtained from well records and other drillings in this and 
neighboring areas. From these sources we know that each of the sys- 
tems of the Paleozoic group is represented in Champaign County, except 
the Permian. Here, as elsewhere, the Paleozoic strata rest upon meta- 
morphic rocks of Proterozoic age. 


CAMBRIAN SYSTEM 


The presence of the Cambrian rocks is inferred from their known 
occurrence in adjacent regions. Their character is presumably similar 
to that of the rocks of this age in other parts of the state, where they 
consist mostly of sandstone and sandy shale. Their thickness farther 
north in Wisconsin ranges up to nearly 1000 feet. The thickness is 
probably somewhat less in this area, but it is doubtless as much as 700 
or 800 feet. This sandstone is an important water bearing formation in 
Chicago, and other places in northern Illinois, but in Champaign County 
abundant water is obtained from shallow wells. 


ORDOVICIAN SYSTEM 


The record of a well put down a short distance east of the Power 
Plant, in Champaign, some years ago showed a thickness of more than 
1,250 feet of Ordovician strata. Of these rocks, a thickness of more 
than 700 feet belongs to the lowest division of the Ordovician, the so- 
called Lower Magnesian limestone. Above this limestone or dolomite 
there occurs 75 feet of clean, rounded sand called the St. Peter sand- 
stone. This sandstone is exposed in the canyons in Starved Rock Park 
and Deer Park. It furnishes an abundant supply of water lo many 
towns in the northern part of the state. Overlying this sandstone is a 
thickness of more than 380 feet of limestone and dolomite which is 
commonly known as the Galena-Trenton limestone. The Galena dolo- 
mite is the source of the lead and zinc ores in the northwestern part of 


Illinois, and adjacent portions of Iowa and Wisconsin. The uppermost 
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division of the Ordovician in this region consists of a thickness of about 
80 feet or more of shale and shaly limestone which is called the Ma- 
quoketa formation. 


SILURIAN SYSTEM 


The rocks of the Silurian system in this part of Illinois are mostly 
yellowish or brown dolomite, 75 feet or more thick. In some places a 
sandstone, of variable thickness occurs at the very base of the Silurian. 
This is the Hoing sand, which is the oil sand of the Colmar field in Mac- 
Donough County. The Silurian dolomite is quarried extensively for road 
material and other purposes in the vicinity of Kankakee and Joliet. The 
lower part of the Silurian in those areas is known as the Alexandrian 





Fig. 1. Sketch showing the relations of the strata to the LaSalle anti- 
cline beneath the mantle rock, in the northern part of Champaign County. 
Horizontal scale about 2 inches to the mile. Vertical scale about 50 feet to 
the inch. 


series, while the upper part is called the Niagaran series from the fact 
that these rocks are about the same age as the strata over which the 
water of the river drops at Niagara Falls. 


DEVONIAN SYSTEM 


The Devonian rocks in this part of the state consist of an upper, 
shale formation which presumably represents about the same time of 
deposition as the New Albany shale of southern Indiana. Below this 
shale is a nondolomitized limestone of Devonian age the thickness of 
which can not be certainly determined because of the difficulty of dis- 
tinguishing the boundary between the Devonian and the Silurian lime- 
stones from the well records in this region. The combined thickness of 
these two limestones indicated in the Champaign well is about 164 feet. 
Farther east, at Danville Junction, the combined thickness of these lime- 
stones is about 600 feet. 











442 Transactions of the Illinois State Academy of Science 


MISSISSIPPIAN SYSTEM 


No rocks of Mississippian age appear to be present in the record 
of the well at Champaign, or in the test borings near Mahomet. This 
is doubtless because these places are located so near the crest of the 
LaSalle anticline. Several miles farther east, at Danville, the Missis- 
sippian rocks have a thickness of about 400 feet. In the latter locality 
they consist mostly of shales, with a little sandstone and limestone. 
West of the LaSalle anticline the Mississippian strata are more com- 
monly limestones. The thickness of these rocks increases both towards 
the east and the west from the LaSalle anticline in this region. 


PENNSYLVANIAN SYSTEM 


A thickness of 75 or 80 feet of shale and sandstone is shown in 
the record of the Champaign well between the top of the dark upper 
Devonian shale and the unconsolidated deposits of the Pleistocene. 
In the logs of the test borings near Mahomet, which are more nearly 
on the crest of the LaSalle anticline than is the Champaign well, no 
Pennsylvanian or Mississippian strata are present between the upper 
Devonian, Sporangites-bearing shale and the Pleistocene deposits. No 
coal was reported in the Champaign well record, but the log of a well 
drilled in Urbana showed a coal bed a few feet thick. Like the Missis- 
sippian strata, the Pennsylvanian rocks become thicker both towards the 
east and the west of the LaSalle anticline, and within a few miles in 
both directions one or more coal beds appear in the Pennsylvanian sec- 
tion. A maximum thickness of 400 to 600 feet of Pennsylvanian strata 
are present in some places in Champaign County, at a distance from the 
LaSalle anticline. 


STRUCTURE OF THE STRATA 


The rock structure in Champaign County is dominated by the La- 
Salle anticline, as described above. This explains why there is no coal 
in the Pennsylvanian strata beneath Champaign and Urbana. The 
crest of this arch extends in a general northwest-southeast direction 
nearly beneath Mahomet, and a short distance west of Champaign. On 
the west side of this arch the strata dip towards the west or southwest, 
and on the east side they are inclined generally towards the east. Dur- 
ing the greater part of the Pennsylvanian time the crest of this arch 
was so high in this region that not much sediment was deposited upon 
it. Minor irregularities of structure are present in a number of places, 


but these do not modify in any important way the control of the struc- 
ture by the LaSalle anticline. 
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AGE OF THE SPORANGITFS-BEARING SHALE 


Important evidence of an indirect nature concerning the age of 
the dark Sporangites-bearing shale is furnished by the relation of the 
Mississippian rocks and associated strata to the LaSalle anticline. The 
dark Sporangites-bearing shale is present over the crest of this arch, 
and is similar on the east and west sides of the anticline. The Missis- 
sippian strata, on the contrary, are absent from the crest of this arch, 
and these sediments are quite different adjacent to the anticline from 
the usual limestones of which they commonly consist over the greater 
part of the State. Moreover, at a distance from this arch the Missis- 
sippian strata are quite different on the east side of the anticline, where 
they consist mostly of shales and sandstone, from what they are on the 
west side of the arch, where they are made up largely of limestones. 
These differences indicate that an important upward movement of this 
anticline occurred in this region after the dark Sporangites-bearing 
shale was deposited, and before the first of the Mississippian strata 
were laid down. Such movements are commonly interpreted as in- 
dicating the end of a period, and as marking the boundary between the 
preceding period and the one that followed. Consistent with this inter- 
pretation, it is thought that the dark Sporangites-bearing shale which 
was deposited before the movement above mentioned, belongs to the 
Devonian system, and that the earliest sediments that were laid down 
after this movement represent the beginning of the Mississippian 
deposition in this region. 


Post-PENNSYLVANIAN CONDITIONS 


The last great period of deposition in this region during the 
Paleozoic era was the Pennsylvanian, after which time this region was 
permanently elevated above the sea accompanied by a further uplight of 
the LaSalle anticline. For a very long time after this uplift the area of 
Champaign County was subjected to the processes of weathering and 
erosion, as land areas always are. 

Because this region was of rather low elevation and quite a dis- 
tance from the sea, no very great thickness of rocks was removed from 
the surface notwithstanding the very long time during which such de- 
nudation was taking place. This interval was millions of years in 
duration. It included all of the Mesozoic era and much the greater 
part of the Cenozoic. The small amount of denudation is indicated by 
the fact that alluvial deposits which were laid down on a floodplain of a 
Permian stream are now exposed in a few places in Vermillion County, 
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not far east of Champaign County, at nearly the same level as the flood- 
plains of the present streams in this region to-day. 

During Pliocene time it is thought that an uplift occurred that 
rejuvenated the streams, and permitted them to trench their channels 
to a greater depth. As a result of this general uplift and the quick- 
ened erosion, the streams developed on the surface of this region a 
topography more rugged than that of the present. The pre-Pleistocene 
relief of Champaign County was comparable with that of the southern 
part of Illinois today. The preglacial relief of this region exceeded 
160 feet. 


7 
PREGLACIAL DRAINAGE AND Bep Rock SURFACE 


The difference in the elevation of the surface of bed rock in dif- 
ferent places in Champaign County indicates the presence of a wide 
preglacial valley 160 or more feet deep, which may have been tributary 
to the preglacial Illinois River valley. This valley probably extended 
in a more or less easterly direction from the preglacial Illinois River 
nearly to the eastern boundary of the state. The lowest elevation of 
this valley known in Champaign County is about one mile south of 
Mt. Olive cemetery where rock was reported at an elevation of 403 
feet above sea level, which is 287 feet below the present surface. Sev- 
eral different wells in Champaign and Urbana found rock at about 440 
feet above sea level. At Thomasboro the elevation of the bed rock sur- 
face is about 436 feet. North of Champaign County, at Paxton, bed 
rock is reported at an altitude of 343 feet. At Delavan, in Tazewell 
County, rock was found at an elevation of 288 feet, and at Pekin the 
elevation of bed rock is 208 feet. 

Kast of Champaign County a preglacial upland is shown by the 
rocks that outcrop along Salt Fork and Vermilion River at an eleva- 
tion considerably higher than the rock surface over the greater part of 
this county. Farther south, bed rock is reached at Sidney at an eleva- 
tion of 565 feet, and at about the same altitude at Homer. At Mattoon, 
still farther south, bed rock was reported at an elevation of 625 feet. 
These elevations of bed rock seem to indicate that the general direction 
of the preglacial drainage in this region was towards the north and 
northwest, and that the divide between the Wabash drainage basin and 
that of the Illinois basin at that time was farther east than it is at 
the present time. 

The level of the present Illinois River in central Illinois is many 
feet higher than some of the elevations of bed rock given above. How- 


ever, below the great bend of the Illinois River near Hennepin, the pres- 
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ent Illinois flows in an old preglacial valley the rock bottom of which 
is more than 100 feet lower than its present bed. This old valley was 
sufficiently low for it to have received such a tributary as the one 
above described. 


PLEISTOCENE EpocH 


During the Pleistocene epoch the surface of Champaign County 
was covered by at least two, and probably three great ice sheets. The 
earliest of these that is certainly known to ‘have moved over this area 
is known as the Illinoian. This was the third great ice sheet that ad- 
vanced over portions of the upper Mississippi valley region. The center 
of accumulation of this great glacier is thought to have been in the 
Labrador region, from which it moved towards the south and west over 
southwest Canada and the northeastern part of the United States. It 
extended south almost to the southern border of Illinois, and pushed 
westward across the Mississippi River between Rock Island and Keokuk. 

As this ice sheet passed over Illinois it was heavily loaded with 
subglacial debris which it gathered from farther to the northeast. This 
material was deposited as the ice melted, forming a bed of glacial till 
or unsorted drift, which was especially thick over such pregiacial valleys 
as the one above described in Champaign County. In some places the 
thickness of this glacial till exceeded 200 feet. 

The surface of the Illinoian till sheet can be distinguished in 
many places by the presence of an old soil zone, or a bed of peat be- 
low a younger till sheet. One or more beds of water-laid sand and 
gravel occur within the till at a number of places in Champaign County. 
The thickness of the till in Champaign and Urbana is about 190 feet. 
In the vicinity of Philo, and in other places in this region, the thick- 
ness is equally great. In the eastern part of the County, over the pre- 
glacial uplands, the thickness of this till is not more than 30 to 45 feet. 


SAND Beps ASSOCIATED WITH THE ILLINOIAN DRIFT 


Sand and gravel beds associated with the Lllinoian till furnish 
nearly all of the water to the wells of Champaign County. Two of 
these beds are remarkably persistent in this area. They were doubtless 
formed as a result of the fluctuation of the ice margin, and were de- 
posited by streams that flowed away from the front of the glacier. After 
the deposition of such a bed of sand and gravel by a stream, a re-ad- 
vance of the glacier buried the sand beneath a bed of drift. Another 
recession of the ice permitted the deposition of another bed of sand by 
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the streams upon the surface of the former drift deposit. Like all 
such deposits made by glacial streams, the materials are very irregularly 
bedded, and change from sand to gravel or from coarse sand to fine 
within short distances in both horizontal and vertical directions. The 
upper one of these sand beds occurs immediately below the Sangamon 
interglacial soil horizon, and immediately above the Illinoian till, at 
a depth of 60 to 100 feet below the surface. In the northern part 
of the County this upper sand lies at an altitude of about 630 feet, 
while in the southern part the elevation of this bed is about 600 feet. 
The sand is thus inclined towards the south at an average rate of 
about one and one-half feet to the mile. 

A contour map will show the southward dip of this sand bed, and 
because of the dip of this sand bed and its position beneath a younger 
till, a head of water pressure is produced which results in artesian con- 
ditions. Many flowing wells occur over the area. 

The lower sand bed associated with the Illinoian till lies more 
nearly horizontal than the upper. In the northern part of the county 
these two sands are 40 to 50 feet apart while in the southern part 
they are separated by an interval of only 10 to 20 feet. The upper 
sand bed is 12 to 25 feet thick while the lower one is much thicker, in 
places reaching 70 feet. 


THE SANGAMON Sort Horizon 


The Sangamon soil and peat horizon lies immediately above the 
upper sand bed described above. This soil was developed during the 
long interval between the Illinoian glacial epoch and the time of main 
loess deposition, which occurred in early Peorian interglacial time. The 
thickness of this peat and soil zone ranges from one to three feet. A 
test boring for coal made in Champaign some years ago is said to have 
passed through a thickness of two feet of peat and wood fragments, at 
an elevation of about 610 feet. A drilling made in Urbana in 1884, 
about one-half mile east of the round house of the Big Four Railroad, 
encountered a like thickness of peaty soil at a depth of 78 feet, and 
at an elevation about the same as that in the Champaign boring. A well 
put down on the campus of the University of Illinois passed through 
this soil layer at a depth of 74 feet. In the vicinity of Tipton a 
similar soil band was reported from more than 70 wells at a uniform 


elevation of 610 feet. Such a carbonaceous zone has been reported also 
from wells in the vicinity of Philo, and St. Joseph, and many other 
places in Champaign County. 
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This peat and old soil is well exposed in the bank of Sangamon 
iver, one and one-half miles southwest of Mahomet where the detailed 
section is as follows: 


Feet 
Glacial till, consisting of grayish brown, pebbly clay.................... 20 
Ecens,; TAO BIOS, FOO WIN DROWN iia vicina occ iec cv cciewieccaceccewnuce 2 
OE Se I INS As hace ee kd aed tn eiWea rate os adeebad cadewavaweens 2 
isl, SE RII  kec eda nedeavededen wad heed ess cwh weiss weeenece ean 3 


From the peat material at this locality the writer collected wing 
covers or elytra of beetles of various kinds, and other insect remains. 
These were sent to Professor Wickham’, at the University of Towa. who 
described the following new species from this deposit : 


CARABID.E DYTISCID.E 
Carabus meander sangamon Agabus savagei 
Patrobus henshawi prelugens 
Platynus pleistocenicus 

subgelidus STAPHYLINID.E 

ealvini Olophrum interglaciale 


Chlenius plicatipennis 
CHRYSOMELID.® 


Donacia styrioides 
All of the types are to be found in the collections of the University 
of Illinois. 
The fossils in the peat and soil zone seem to indicate climatal 
conditions during the formation of the Sangamon interglacial time not 
greatly different from those of today. 


INTERGLACIAL LOEsS Deposits 


A bed of loess of early Peorian age is commonly present above the 
Sangamon soil and peat zone, and beneath the younger glacial till. The 
thickness of this deposit varies from a few to six or eight feet. This 
loess deposit was doubtless made by the wind and was laid down above 
the old soil zone over all of this region before the later Wisconsin 
till was deposited above it. The manner of deposition, age, and origin of 
the loess in Illinois have been described by the writer in an earlier 
volume of the Proceedings of this Academy.? to which the reader is 
referred for this information. 


WISCONSIN GLACIAL STAGE. 


The Wisconsin ice sheet was the last Continental glacier that moved 
over portions of North America during the Pleistocene epoch. This 
Wickham, H. F., Amer. Jour. Science, vol. 44, pp. 137-145, 1917 


? Savage, T. E., The Loess in Illinois: Its Age and Origin. Ill. Acad. Sci. Trans., 
vol. 8, pp. 100-117, 1915. 
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ice sheet covered all of Champaign County, and extended south in 
this region about as far as Paris, Charleston, and Mattoon; and west as 
far as Decatur and Peoria. The till left when this glacier melted 
makes up the uppermost glacial deposit over all of this region. ‘The 
surface it left was remarkably level, except for a few belts of ridges 
made at the margin of the ice when it halted for a long time in its 
retreat to the northward. These are called recessional moraines. One 
of them is known as Yankee Ridge, which extends in a nearly north- 
south direction between Urbana and Philo. 

The thickness of the Wisconsin till in this county averages about 0 
70 feet. It is here less sandy than the earlier Ilinoian till, and con- 


tains fewer sand beds associated with it. This drift surface is so voung t 
that the streams have had time to develop only a few shallow valleys n 
in this region since the glacier melted away. Over the surface of this q 
till the wind has deposited a thin veneer of loess, but the thickness is \ 
commonly only a few inches. . 


The coarse sand beds buried in the glacial till, associated with old 


peat or soil beds containing large amounts of organic matter, furnish i 
favorable conditions for the development and accumulation of small : 
quantities of natural gas in the drift. Natural gas is reported in many ( 


water wells in this area and a few of the farmers have piped gas to their 
homes and used it for lighting purposes. The wells from which gas | 
has been obtained in sufficient amounts to be used for lighting are in- 
dicated on the map, plate 2. All the materials necessary for the forma- | 
tion of the gas, and all of the conditions necessary for its accumulation, 
are supplied by the Pleistocene or glacial deposits of this region. The 
presence of the gas in the drift is no indication that oil or gas is present 
in the underlying hard rocks in this region. In fact, none of the wells 
or test borings put down into the bed rock in this area show any traces 
of either oil or gas. 
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THE FLOTATION PRINCIPLE IN ORE FORMATION 
BY 
JOHN STANSFIELD 


Urbana, Illinois. 


In connection with the formation of metallic ore deposits of igneous 
origin, the following six important precesses may be recognized : 

(1) Separation of the ores from the magmas; (2) Segregation of 
the ores; (3) Injection of segregated ore magmas; (4) Transport of ore 
materials as vapours, with subsequent deposition in veins. ete.; (5) 
Transport of ore materials in solution, with subsequent deposition in 
veins, ete.; and (6) Transport of ore particles by flotation, with sub- 
sequent deposition in veins, ete. 

The importance of the first two of these has long been recognized, 
and discussion of them has formed a part of formal treatment of the 
subject of ore formation in the standard text-books and reference works 
dealing with ores of igneous origin. 

The injection of ore magmas has been demonstrated, but it has been 
reserved to Spurr to give us the most masterly presentation of the “in- 
jection principle” in his book on Ore Magmas (1923). Although part 
of his terminology has not received general acceptance, our deepest 
thanks are due to him for his treatment of this interesting topic. 

The efficacy of the process of transport of ore materials in the form 
of vapour has long been recognized in connection with ores of pneuma- 
tolytie origin. 

The transport of ore materials in hydrothermal solution, and their 
subsequent deposition in ore bodies, has received its most complete treat- 
ment at the hands of Lindgren in his book on Mineral Deposits (1913 
and subsequent editions). 

The principle of flotation in connection with the segregation of 
ore minerals from magmas, on a small experimental scale, has been 
demonstrated by the writer, who has applied it to the explanation of 
certain details of ore formation processes.’ 

It is the purpose of the present paper to develop a little farther 
the application of the principle of flotation to the processes of ore 
formation. 


1Assimilation and Petrogenesis: Separation of ores from magmas. Valley 
Publishing Co., Urbana, IIL, 1928 
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With falling temperature sulphide, oxide, or metal particles may 
separate from a magma as minute globules. Previous to this, at higher 
temperatures, they may be regarded as having formed a part of the 
magma and to have been evenly distributed throughout it. After the 
ore particles have been separated from the magma, they may be regarded 
as remaining liquid for a more or less prolonged period. We may 
regard the condition of the magma as that of a colloidal emulsion of 
minute liquid ore particles suspended in a dispersion medium of sili- 
cate magma. ‘The constant motion of such colloidal particles tends 
to keep a uniform distribution of them in all parts of the magma. But 
with the passage of time the forces of gravity, of surface tension, and 
of cohesion tend to cause the segregation of these ore particles into 
larger masses. Cohesion causes particles to come together and coalesce. 
Surface tension relations tend to cause the segregation of ores at the 
walls (including floor and roof) of the magma reservoir. Sinking 
under gravity tends to collect ore masses near the base of the magma 
reservoir. Flotation helps to keep the ore particles in suspension so 
that the forces of surface tension mentioned above may have play, and 
also by its own strong action causes the collection of ore masses at or 
near the roof of the magma reservoir. These forces have been discussed 
in my work mentioned above. 

I wish to add, here, some ideas upon the flotation principle as it 
may be applied to igneous magmas, and to carry through the applica- 
tion of the principle to the transport of ore particles in the processes 
of ore formation. 

At, greater depths, the gases which form a part of magmas remain 
within the magmas, by reason of the great pressures existing at those 
depths. But, as the magmas approach the earth’s surface, gases may 
separate from the previously homogeneous fluids, and again we may 
regard such a magma as a colloidal emulsion of minute gas bubbles in 
a dispersion medium of silicate magma. The minute bubbles are in 
constant motion and tend to remain in uniform distribution, in con- 
sequence of this motion. Contact between bubbles and the action of 
cohesion causes their enlargement, so that the Brownian movement which 
governs the even distribution of the minute bubbles becomes subordinate 
to the movement under gravity, and as a result the enlarged bubbles 
begin to rise in the magma. In these rising gas bubbles we may recog- 
nize a very potent force which may bring about the phenomena of flota- 
tion which we are considering. Daly has given us a wonderful picture 
of the efficacy of this gaseous force in bringing to the earth’s surface a 
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constant stream of frothed magma in the lava lake of Halemaumau at 
Kilauea. 

For our present study we have to take note of the chance that ore 
globules may become attached to gas bubbles and that they may then 
ride upward with them toward the roof of the magma reservoir, where 
they may be collected into masses by the dispersal of the gases, and 
kept from sinking by the cooling and congelation of the magma. We 
may thus account for marginal ore-bodies at the roof of a magma reser- 
voir, and a further step will account for the common occurrence of 


roof pendants” 


ore bodies in which extend downward from the country 
rock into those parts of the magma reservoir where the floated ores 
tend to collect. 

Many kinds of gases may be liberated from magmas and so ore 
particles may be transported upon gas bubbles which may differ widely 
in their chemical natures. By the same token, the ore particles may be 
of many different kinds, and it may be a matter of chance that more 
silver values may be collected in one place, more copper values at an- 
other place, more gold values at a third location, and so on. We shall 
see later, that such a separation may not always be entirely governed 
by chance. 

As the gases pass outward from the magma into the surrounding 
country rocks, eventually condensing, in part, to aqueous solutions, they 
may carry with them part, at least, of their metallic load. Hence, we 
may draw for ourselves a picture of hot, aqueous, magmatic solutions 
passing along cracks in the country rock and carrying with them a 
gaseous froth, in part laden with ore particles, liquid at first, and be- 
coming solid ore particles at lower temperatures. These particles may 
be dropped, here and there, en passant, along with other materials which 
may have been carried in solution. 

This addition to the available methods of transport of ore ma- 
terials will help us to comprehend more readily the “spotty” distribution 
of values, which is a condition well known to mining men. 

It is possible that the idea of selective flotation may be useful in 
helping to account for zona/ distribution of ores around igneous in- 
trusions. In my experiments lead sulphide was found to lend itself 
to the action of flotation to a more marked degree than the other sul- 
phides used (pyrite, pyrrhotite, pentlandite, chalcocite, bornite, chal- 
copyrite and zinc blende). Under conditions of nature, it may be that 
this tendency causes lead sulphide to be transported to greater distances 


from the igneous source than other sulphides. The frequent association 











452 Transactions of the Illinois State Academy of Science 


of zine sulphide with lead sulphide in ore bodies may have its basis in 
some chemical force, which may cause the zine and lead sulphides to 
stick together and be transported together. 

It is possible to apply this principle of selective flotation to account 
for the details of the distribution of ore minerals into copper zone, 
silver zone, lead-zine zone, etc., in the many cases of zonal arrange- 
ment of ores which are known in different parts of the world. Discus- 
sion and investigation of this principle will doubtless throw light on 
these problems in the future. 

It seems probable that by use of the principle of flotation we may 
be helped to combine our ideas on the formation of ore deposits into 
a harmonious whole, each process being utilized in its proper perspective. 
In this connection it must be borne in mind constantly that hydrothermal 
solutions can have play only at temperatures lower than the critical tem- 
perature of water. 
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SILICEOUS SPONGE SPICULES OF PENNSYLVANIAN 
AGE FROM ILLINOIS AND INDIANA* 
BY 
J. Marvin WELLER 
State Geological Survey, Urbana. 

Those sponges which are subject to fossilization under any but the 
most exceptional circumstances possess a true skeleton composed of 
spicular elements secreted by the animal itself. These spicules are com- 
posed of either a hydrated form of amorphous silica allied to opal, or 
calcite, in each case with a slight admixture of organic matter. Most of 
the fossil sponges which have been described from American strata of 
Paleozoic age are forms in which the spicules are joined to form a rigid 
framework or cemented together into a series of anastomosing fibers. 
The skeletons of such types have commonly not become disintegrated 
after the death and decomposition of the animals that formed them and 
consequently have been preserved as fossils in a more or less complete 
condition. 

Other sponges which occur equally, if not even more abundantly, 
possess numerous unconnected siliceous spicules bound together into a 
flexible skeleton by an organic substance known as spongin. This 
material readily decomposes after the death of the sponge and the 
spicules are loosened and scattered upon the sea bottom. Fossil remains 
of such sponges other than the isolated spicules are of very rare 
occurrence. 

It has long been known that a large part of the silica composing 
cherts in the Paleozoic limestones was derived from the remains of 
sponges. Apparently, however, the skeletons of these organisms are un- 
usually subject to attack and alteration by ground water so that few 
localities are known when they are well preserved. The minute structure 
of those sponges which possessed ridged skeletons is very rarely pre- 
served. In most cases it is necessary to classify them on the basis of ex- 
ternal form only and in many cases it is not known with certainty 
whether their skeletons were originally calcareous or siliceous. The 
minuteness of the skeletal elements of those sponges which possessed 
unconnected siliceous spicules has rendered them inconspicuous and 
their presence has doubtlessly been commonly overlooked. The classifi- 
cation of these forms also is attended with great uncertainty as pecular- 


* Published with the permission of the Chief, Illinois State Geological Survey. 
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ities in form and shape of isolated spicules are the only features upon 
which it can be based. 

The only notice of siliceous sponge spicules of Pennsylvanian age 
in America was published by Ulrich who proposed names for one new 
genus and two new species on the basis of material collected from the 
limestone cap-rock of the Rock Island (No. 1) coal at Seville, Fulton 
County, Illinois. 

The spicules listed below were obtained from the limestone cap-rock 
of the Rock Island (No. 1) coal exposed in the southwest corner of see. 
25, T. 17 N., R. 1 W., Rock Island County, Illinois, and from a lime- 
stone occurring low in the Pennsylvanian section near the center of the 
N. 1% sec. 35, T. 21 N., R. 9 W., Warren County, Indiana. The lime- 
stones at both of these localities are dense, dark colored and impure. 
The occurrence of silicified fossils such as bryozoa and small gastropods 
at these places attracted particular attention and the sponge spicules 
were discovered in the insoluble residues obtained by treating fragments 
of the rock with hydrochloric acid. It is probable that the silica which 
has replaced the calcium carbonate of the other fossils was derived from 
sponge spicules but silicification is very unequally developed. 

These sponge spicules are of interest on account of their com- 
paratively large size and robust form which is exceeded by few Car- 
boniferous spicules known from other parts of the world. None of the 
smaller types of spicules which are present in the bodies of most modern 
sponges have been found. It is probable that these were destroyed by 
those processes which have been responsible for the alteration of the 
larger spicules to crystalline silica. The assemblage of forms obtained 
from the two localities is also interesting because of the abundant 
presence of hexactinellid remains. In the modern seas these forms are 
confined almost exclusively to the deeper waters. The nature of the 
deposits in which the fossil spicules occur and the associated fauna, 
however, indicate clearly that representatives of this order formerly in- 
habited very shallow seas. 

Following is a list of species of Porifera recognized : 


Class SILICISPONGIA 
Order MONACTINELLIDA 
Genus RENIERA Schmidt 


Reniera area n. sp. Smooth cylindrical spicules, considerably curved. 
Length 1.8 mm. Thickness .13 to :-22 mm. Warren County, Indiana. 

Reniera siliqua n. sp. Similar to R. arca but less curved. Rock Island 
County, Lllinois. 
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Reniera phaseola n. sp. Curved cylindrical spicules .45 mm. in length 
and .08 mm. in thickness. Ends sometimes slightly inflated. Rock Island 
County, Illinois. 


Order TETRACTINELLIDA 
Genus GEODITES Carter 


Geodites pateus n. sp. Spicules composed of tapering shaft ray 4 mm. 
in length and .16 to .22 mm. in greatest thickness and three diverging head 
rays .3 to .4 mm. long. Associated with cigar-shaped monaxons up to 5 mm. 
in length. Warren County, Indiana. 

Geodites carbonaria (Ulrich). Similar to G. pateus but more delicate 
and shaft rays do not taper. Associated with similar monaxons. Rock Island 
County, Illinois. 

Geodites sp. A single broken spicule resembling G. carbonarius except 
that the one remaining head ray is angularly deflected at mid-length nearly 
parallel to the shaft. Rock Island County, Illinois. 

Geodites? deflecterus n. sp. Anchor-like spicules .composed of slender 
shaft ray and three small recurved head rays. Warren County, Indiana. 

Geodites? bifurcatus n. sp. Spicule composed of shaft ray and three head 
rays which are symmetrically bifurcated. Warren County, Indiana. 


Order HEXACTINELLIDA 
Group Lyssakina 
Genus HYALOSTELIA Zittel 


Hyalostelia diabola n. sp. Very variable spicules one or more of whose 
rays are inflated to produce irregular or bulbous ends. Rock Island County, 
Illinois. 


Genus RHAKISTELLA N. GEN. 


Rhakistella alba n. sp. Symmetrical spicules characterized by small 
equally sized and spaced spines. One or more of the rays may bifurcate. 
Rock Island County, Illinois and Warren County, Indiana. 

Hexactinellida delicatula (Ulrich). Spicules variable and commonly 
somewhat distorted. Rays long and slender to short and acute. Associated 
with coarse broken monaxial fragments which are believed to have been de- 
rived from the root-tuft of this species. Rock Island County, Illinois. 


Order HETERACTINELLIDA 


Genus ASTERACTINELLA Hinde 


Asteractinella audar n. sp. Variable spicules composed of numerous un- 
equal rays, irregularly arranged, attaining a size of 4 mm. The spicules of 
the surface zone are more or less intergrown. Warren County, Indiana. 
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Genus THOLIASTERELLA Hinde 


Tholiasterella? trunca n. sp. Spicule composed of a slender shaft ray 
and six short head rays lying nearly in a plane at right angles to the shaft. 
Warren County, Indiana. 


Class CALCISPONGIA 
Family Pharetrones 
Genus PERONELLA Zittel 


Peronella? dubia n. sp. Three slightly curved rays extend nearly in a 
plane and a fourth at right angles. Preserved in silica possibly due to alter- 
ation of original material. Warren County, Indiana. 


INCERTAE SEDIS 


Monavial spicules attaining maximum length of 6.5 mm. and thickness 
of .2 mm. They are slightly sinuous and acutely pointed at both ends. Such 
spicules are not characteristic of any particular type of sponge. Rock Island 
County, Illinois and Warren County, Indiana. 
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THE CHALK CLIFFS OF DOVER 
BY 
J. Kay WHITE 
DesPlaines, Illinois. 

As you travel from London to Dover which is a health resort, a 
channel port, and one of the main gateways of the continent, you pass 
through some very rough and hilly country. You may travel along 
the English Channel for several miles and pass by Shakespeare’s Cliff 
before entering Dover. As you approach the city of Dover, you may 
notice the large fortifications in the distance to your left. The Chalk 
cliffs in the distance are crowned by the Norman castle which, in 1216, 
the brave Herbert de Burgh successfully defended against the French. 
Dover is the headquarters of the Southeastern district of the British 
army and is not only a charmingly situated watering place, but the 
nearest point of the English coast to France. The fortifications are very 
extensive on these chalk cliffs. To the east of town rises Dover castle, 
founded by the Romans fortified and enlarged by the Saxons and 
Normans. It contains the remains of a Roman pharos, or lighthouse, 
and an old fortress-church, a unique specimen of Roman and British 
architecture. To the north of the castle is Fort Burgoyne. On these 
heights are large barracks and ruins of another pharos and a circular 
church of the Knights Templar. The cliffs are honeycombed in all 
directions with military works. 

Chalk is the name given to any soft, pulverent, pure-white lime- 
stone. The word is an old one having its origin in the Saxon “geale,” 
and the hard form “kalk” is still used among the country folk of Lin- 
colnshire. Chalk is found in the upper Cretaceous group of rocks. On 
poor chalky ground the Sainfoin, a plant which flourishes in calcareous 
soils is an excellent fodder for cattle and has been cultivated with great 
success ; the herbage of the chalk downs of Sussex, and other counties of 
England afford good pasture land for sheep. 

The chalk formation, in addition to the typical chalk material, 
comprises several variations: argillaceous kinds, known locally as malm, 
marl, clunch, and more hard varieties called rag, freestone, rock, hur- 
lock or harrock in different districts. In its purest form chalk consists 
of 95 to 99% of calcium carbonate (carbonate of lime). In this con- 


dition it is composed of a mass of fine granular particles held together 
by a somewhat feeble calcareous cement. 
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The earliest attempts at subdivision of the chalk formations were 
initiated by William Phillips and were based upon lithological char- 
acters and such a classification as upper chalk with flints, middle chalk 
(divided into chalk rock, chalk with few flints, chalk without flints), 
and lower chalk marl, including Totterhoe stone and Totterhoe marl. 

The upper chalk has a maximum thickness in England of about 
1,000 feet, but post-cretaceous erosion has removed much of it in many 
districts. It is more constant in character and more typically chalky 
than the lower stages; flints are abundant, and the more hard nodular 
beds are limited to the lower portions, where some of the compact lime- 
stones are known as “chalk rock.” The thickness of the middle chalk 
varies from 100 feet to 240 feet; flints become more scarce in descend- 
ing from upper to lower portions. The nodule layers are more frequently 
called the “chalk rock” of Dorset. The Isle of Wight belongs to this 
stage. At the base is the hard “Melbourne Rock.” 

The lower chalk varies from 60 to 240 feet. This stage includes 
part of the “white chalk without flints,” the “chalk marl,” and the 
“grey chalk.” The Totterhoe stone is a hard freestone found locally 
in this stage. In Devonshire the lower chalk has become thin sandy cal- 
careous series. 

Chalk is usually yellowish or white in color, has an earthy texture, 
is rough to touch and adheres slightly to the tongue. It is formed by 
accumulation on the ocean bottom, of the tiny shells of Foraminifera, 
fragments of Molluscean shells, sea urchins, spines and spicules which 
can be seen with the microscope. 

Chalk is not used extensively as a building stone, chiefly because 
of its low resistance to the weather. In England some of the solid beds 
are occasionally employed for structural purposes. It is burned to lime 
and the mortar is used generally in the construction of buildings in 
Londoy. Some great projects built on chalk are the Admiralty Pier in 
Dover Harbor, which was begun in 1847 and finished in 1871 with a 
length of over 2,000 feet, and the Prince of Wales Pier constructed in 
1893, running parallel to the general direction of Admiralty Pier. The 
artificial harbor for naval purposes has an area of 610 acres, of which 
one-half was to have a depth of 30 feet at low water. The scheme com- 
prised three enclosing breakwaters, which, with a united length of more 
than two miles, are of massive concrete blocks in the form of a vertical 
wall, built on the solid chalk and rising to a quay level of ten feet above 
high water. 

In England, chalk has been used for many years as an ingredient 
of Portland cement. When ground and mixed with water it forms white- 
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wash. If the ground material is freed from grit, it is known as “whit- 
in,” which is used for cleaning silver and making putty. “Gilders 
white” and “Paris white” are forms of the same material which have 
been more carefully washed. Like lime, chalk is used in farming to de- 
crease the acidity of the soil. The flint concretions so abundant in 
chalk of Europe are used for pebbles in ball mills. Chalk is employed 
in the manufacture of cements and of carbonate of soda in the prepara- 
tion of carbonic acid gas, and in many other chemical processes; also, 
for the making of paints, numerous kinds of crayons, and toothpaste. 
On the return trip from Europe our ship carried a great cargo of chalk, 
consigned to Colgate-Palmolive Company. Have you realized when 
you clean your teeth that the largest part of the ingredient in toothpaste 
comes from across the sea and is composed mostly of chalk? 
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PAPERS IN GEOGRAPHY 


Extract From THE REporT OF THE SECTION CHAIRMAN 


In addition to the papers herewith published, the following were 
presented at the meeting of the Geography Section: 

“Some Industrial Developments in Virginia,’ by Arthur Bevan, 
State Geologist of Virginia. 

“Teaching Geography as a Science,” by W. H. Haas, Northwestern 
University. 

One paper was read by title: “Austria and Switzerland: Suggested 
Similarities and Contrasts,” by W. O. Blanchard, University of Illinois. 

The attendance at the section was about 45. 

Dr. H. M. Leppard, of the University of Chicago, was elected chair- 
man for next year’s meeting. 

A resolution, originated by W. 0. Blanchard, was passed by the sec- 
tion and is presented herewith: 


RESOLUTION 


The Geography Section of the Illinois State Academy of Science ex- 
presses its appreciation of the geographic work thus far accomplished by 
the State Geological Survey and urges that more facilities for furthering 
such work be extended to this survey and to the State Water Survey and 
the State Natural History Survey. 

It is especially recommended that the State Board of Natural Resources 
and Conservation seriously consider the preparation of an Atlus of the 
Geography of Illinois, which would give in graphical form adapted for 
school use a comprehensive view of the important natural environmental 
conditions and resources of the state, and which would indicate the exploi- 
tation of these resources, with proper recommendations for their conserva- 
tion and further development. Such a volume, using maps and graphs, 
scientifically accurate yet stripped of technicalities, would be invaluable for 
educational use and for general reference. 

The Geography Section directs its chairman to forward copies of this 
resolution to the members of the Board of Natural Resources and Conser- 
vation and to the directors of the scientific surveys named. 


A. G. Tin~MaAn, Chairman. 




















Papers Presented in the Twenty-third Annual Meeting 461 


AUSTRIA AND SWITZERLAND 
Suggestive Similarities and Contrasts 
BY 
W. O. BLANCHARD 
University of Illinois, Urbana. 


The Austrian Republic inherited about one-fourth of the area and 
about the same proportion of the population of Austria-Hungary, but 
the lands are the poorest of the Dual Empire, a jumble of mountains 
with a low productivity, and the population is most unfortunately dis- 
tributed. One-third of the people are crowded into Vienna, a city which 
had grown up as the political, commercial, and industrial capital of a 
vast empire. Dismemberment of the old monarchy and the sudden dis- 
ruption of the old economic ties, with commercial isolation made more 
complete by the creation of tariff barriers by the bordering succession 
states, had tragic consequences for the new republic, particularly for 
Vienna. 

Many have seriously questioned whether or not with its meager en- 
dowment, Austria could exist as an independent state. Despairing of 
its future as a separate nation, its population voted to join with Ger- 
many, with the exception of Vorarlburg, its westermost province, which 
asked for union with Switzerland. Neither plan materialized and the 
bankrupt state remained from 1922 to 1926 a ward of the League of 
Nations. Given at that time most of its economic freedom, it has slowly 
and painfully progressed toward setting its house in order. Yet it is 
heavily in debt, and its very existence has been repeatedly threatened 
by revolutionary discontents. 

Can Austria maintain separate national existence? Considerable 
light may be thrown on the problem by an examination of the experi- 
ence of Switzerland, a country whose natural endowments are remark- 
ably similar to those of Austria. Both republics are mountain-girt lands, 
lving astride the Alps, rich in scenery but poor in tillable land, having 
an abundance of waterpower and labor but with scant raw materials and 
coal. Both are inland countries and lack the stimulus of cheap ocean 
shipping or fish resources. Yet they lie athwart great transcontinental 
thoroughfares which provide exceptionally efficient rail service. Both 
are close to the Mediterranean, yet their trade is chiefly northward via 
the Rhine or the Elbe. The populations of both are dominantly 'Teu- 
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tonic—vigorous, virile, and aggressive peoples. Austria has the advan- 
tage of a smaller density of population and an ethnie homogeneity, 
although with a strong infusion of Slavic blood. 

With this natural setting Switzerland has turned her attention to 
manufacturing and ranks first among all countries in the proportion of 
her population engaged in industry. She has specialized in highly 
finished goods requiring much skill and handwork but little raw 
material. Her products bear the stamp of quality rather than cheapness. 
General agriculture is necessarily restricted in amount but is highly 
productive in the fertile valleys where cultivation is possible. The 
country ranks second only to Belgium among all nations in the pro- 
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Graphic comparison of production by Switzerland (double cross-hatch- 
ing) and Austria (single cross-hatching). 


ductivity of its cultivated land. However, the mountainous terrain has 
emphasized dairying, in which Switzerland occupies high rank, the 
average yield of milk per cow being second only to that of Holland. 
Dairy products, particularly cheese since it is less perishable, play a large 
part in the local diet as well as in the foreign trade. A second supple- 
mentary source of income lies in the tourist industry, and the Swiss have 
with their customary thoroughness and efficiency made the entertain- 
ment of the visitor at once a fine art and a lucrative business. The 
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average per capita investment in hotels in Switzerland is almost $200, 
and tourists normally leave upwards of $80,000,000 in the country 
annually. 

All in all, the natural resources of Austria are, if anything, better 
than those of Switzerland. While the latter has considerably more po- 
tential waterpower, the former has some coal and considerable lignite. 
Austria has a somewhat larger proportion of arable land, considerably 
more forest in proportion to the total area—and a large deposit of ex- 
cellent iron ore. The scenic attraction of the Swiss Alps is undoubtedly 
greater than that of the Austrian portion of those mountains; vet 
Switzerland has no Vienna. 

However, the great contrast appears in the progress made in the 
two countries in exploiting their resources. Thus, in waterpower, 
Switzerland has developed 75% of her total supply, Austria less than 
20%. Switzerland’s vield per acre of staple crops in the pre-war period 
ran from 40% to 90% higher than those of Austria. In the animal in- 
dustries, so well adapted to mountainous regions, Switzerland was far 
ahead in cattle, about the same in sheep, but far behind in swine. More 
significant even than numbers is the grade of animals raised. Swiss 
cows yield, on the average per vear over a ton of milk more per head of 
cattle than cows in Austria. Switzerland in 1925 sold abroad dairv 
products to a value of $4,500,000, Post-war Austria has been far from 
supplying even her own needs for meat and dairy goods. In pre-war 
days she produced almost one-half of her meat, one-third of her butter. 
and one-half of her eggs consumed. In 1928, her milk output had risen 
to the point of making her essentially self-sufficing. As indicative of 
the possibilities, the Austrian government, after a survey in 1924, esti- 
mated that there is fodder and forage enough within the country to 
support an increase of 65% in cattle and 40% in swine. 

As for her scenic attractions, Austria has done but little to 
capitalize them. Nature carved the lowest and most convenient trans- 
alpine route across Austria, while the Swiss were compelled to bore 
huge tunnels in order to cross to the south; yet today the Simplon and 
St. Gothard are known the world over while the Brenner is searcely 
heard of. Austria is one of the most mountainous countries of Europe, 
yet her attractions are practically unknown and inaccessible to the 
tourist. 

Switzerland’s adjustment has been achieved through long vears of 
experimentation. Her success has been neither easy nor swift. That her 
accomplishment is real, the support of a dense population with high 
living standards is ample testimony. Austria, with resources averaging 


as good as those of her neighbor, should seemingly be able to do as well. 
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She may profit much by studying Switzerland’s record and so avoid 
many costly mistakes. 

The crux of the Austrian problem is Vienna. Without the vast 
political, commercial, and industrial services which that city performed, 
there must be a marked change in the character and activities of the 
capital. A reduction of the population of the city to the size fitted to 
the needs of the new state, would seem to be imperative. There must be 
a shift of population to the rural districts. This readjustment is one 
which is naturally resisted by large numbers of people. As a matter of 
fact, the population of Vienna has decreased from 1910 to 1928 by less 
than 10%. Though slow and costly, the change seems bound to come; 
and, given time. there is no reason why Austria should not, with but 
slight variations, duplicate Switzerland’s record. 
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THE RED-TOP PRODUCTION OF SOUTHEASTERN 
ILLINOIS 
BY 
toBERT G. Buzzarp 


Illinois State Normal University, Normal. 


On September 17, 1929, newspapers carried the following release 
from the Illinois Agricultural Association : 


“The red-top growers of southeastern Illinois are the first farmers in 
the state to be granted direct aid by the federal farm board under the agri- 
cultural marketing act. Two cents a pound on red-top seed was to be ad- 
vanced, in addition to the maximum of seven cents a pound obtained from 
the intermediate credit bank.’” 

“Thus the Egyptian Seed Growers’ Association,” continued the item, “is 
enabled to advance to grower members a maximum of nine cents a pound on 
their crop.” 


Geographers in general have had little contact with red-top pro- 
duction and would find small interest in the item just mentioned unless 
perchance the eye fell upon a further sentence: 


“Over 90% of the red-top of the world is grown on approximately 7,000 
farms in about seven counties of southeastern Illinois.” 


Such a localization of the world’s production within the bounds of 
Illinois warrants an investigation of the geographical and other factors 
influencing this use of the seed as a crop. 

Red-top is a meadow grass, tall enough when mature for mowing or 
binding, and forming sufficient foliage for use as hay. Botanically the 
plant is known as Agrostis alba or Agrostis vulgaris, there being but 
slight difference according to the United States Bureau of Plant In- 
dustry. The grass is native to Europe and to North America. Thomas 
Shaw, the authority on grasses, names twenty-six as worthy of cultiva- 
tion, nine of these being of major importance as farm crops.. In order 
of importance red-top ranks fifth, being exceeded by timothy, Kentucky 
blue-grass, Bermuda grass, and orchard grass.* In New England it is a 
common practice to add red-top to timothy and clover mixtures for both 
hay and pasture.* In the irrigated areas of Colorado, Wyoming, and 





1The Daily Pantagraph, Bloomington, Illinois, Sept. 17, 1929. 
2U. S. Dept. Agric., Bureau of Plant Industry, Bul. 59, p. 26. 

* Shaw, Thomas: Grasses and How to Grow Them. Webb, 1905. 
‘Farmers’ Bulletin 990, Bureau Plant Industry, p. 7. 
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Montana, red-top is sown on irrigated meadows to supplement native 
grasses, and particularly to keep down sedges and rushes.> In Kansas 
the grass is combined with timothy as a grass for hay and pasture. In 
Ohio red-top is a second to timothy as a grass for hay and to blue-grass 
for pasture, although not a close second to either. The grass is par- 
ticularly adapted to growth for hay or pasture on soil too acid for 
timothy or clover, or on areas where the drainage is poor.’ In south- 
eastern Illinois, however, red-top plays a double role. It is a hay crop, 
in that it is found mixed with the timothy and clover in the meadows, 
and in that the threshed grass becomes a winter forage in the area. But 
the major role played is that of a money crop, for the grass is grown 
for its seed, thus entailing the problems of harvesting, threshing, and 
marketing as though it were grain. 

The use of red-top seed as a money crop in southeastern Illinois is 
almost a matter of accident. Charles Shultz, the son of a German immi- 
grant, returned to the area after the Civil War and started a general 
store in Olney, the county seat of Richland County, a village in the edge 
of the Illinois prairies. On his buying trip to New York, Mr. Shultz 
visited at the home of Henry Nungesser, another German immigrant, 
and a seedman by profession. Naturally Shultz was questioned about 
the seed problems of southeastern Illinois, and mentioned the native 
prairie grass which the farmers were using as a hay. Nungesser was at 
this time getting red-top seed from a small section of New Jersey and 
from Germany. Shultz saw a possible chance for added revenue in the 
Illinois grass, and in 1867 he flailed seed from the mown hay, cleaned 
it somewhat on a rotating reel-screen, and shipped it to his New York 
friend. Nungesser found the seed to equal the New Jersey product and 
that from Germany, and offered to buy. Shultz opened a local market at 
Olney, and was followed by two competitors. Three other buying-houses 
soon sprang up in the red-top area, at Rinard and Jeff in Wayne County, 
and at Salem in Marion County. The hard-pressed pioneer farmers of 
southeastern Illinois thus saw in this native grass of the prairie a chance 
for added revenue, a chance to use as a crop a grass which up to this 
time had menaced the quality of their timothy meadows by natural ad- 
mixture, and they began to add it to the crop scheme of the area. 

The characteristics of the red-top seed, however, set up an ex- 
tremely difficult problem for those who would use it as a crop. The seed 
is markedly small, shaped like an oat-grain, and light in weight. The 
farmer, flailing out his mown red-top hay, and using a_three-screen, 


Bulletin , U. 8S. Dept. Agriculture, p. 31 


5 12 > 
® Bulletin 175, Kansas Agric. College, pp. 294-302. 
7 Bulletin 22 


5, Ohio Agric. Exp. Sta., p. 158. 








Papers Presented in the Twenty-third Annual Meeting 467 


side-motion fanning-mill, could produce but a small quantity of seed, 
and add but little to the farm income. The threshing machine used for 
grains was tried, but the wind used to remove the chaff also removed 
the red-top seed, and the riddle system for screening the seed from the 
straw was found inadequate. In 1884, Jonathan Buzzard, a grist-miller 
immigrant from Ohio, who added wheat threshing as a part of his work, 
devised an auxiliary cleaner for handling red-top.* The fan of the 
threshing machine was shut off entirely, the cylinder slowed to 200 
revolutions per minute, and the seed and chaff thus obtained with the 
wheat thresher was turned upon the auxiliary machine, called, with the 
Pennsylvania Dutch traditional lack of vocabulary, a “jinkey-fonkus.” 
This auxiliary machine was a box-like affair some twelve feet long, four 
by four feet in cross-section, carrying two screens, or riddles, of 20 and 
24 mesh, respectively, agitated by a crankshaft from the thresher. The 
apparatus was able to handle the seed and chaff when the bound hay 
was fed into the thresher in single bundles, thus affording the possibility 
of securing seed in large quantities and of marketable quality as to 
purity. Threshers used in the area today have an auxiliary cleaner built 
in, although the southwestern part of the area still uses the “jinkey- 
fonkus.” 

In 1896, Charles Shultz, visioning an increase in the red-top trade 
if his establishment could turn out seed 90% or above in purity, em- 
ployed a Mr. Bishop of Kentucky, a man expert in the handling of blue- 
grass seed, to overhaul the Shultz cleaning machinery and devise ¢ 
power cleaning establishment. After two months of trial and the ex- 
penditure of several thousand dollars in apparatus, the attempt was 


dubbed a failure.® 


Then Arthur E. Shultz, a son, who had caught his 
engineering vision at the University of Illinois, challenged his father 
for permission to rebuild the machinery and equipment. and shouldered 
the problem of cleaning the seed. He changed the speed of the 
machinery, the pitch of the screens, the power of the wind-chamber, and 
other details, and within two weeks’ time the plant was cleaning one car 
of 30,000 pounds per day per man, whereas previously cleaning to 90% 
purity required the work of five men for one week to clean a carload of 
seed. As a result the secrets of construction were carefully guarded, the 
elevators were kept under lock and key with employees constantly on 
duty, and efforts to hire Shultz employees by rival seedsmen successfully 
thwarted. Today the Shultz Seed Company stands as the dominant 
figure in the world’s supply of red-top seed, with Arthur E. Shultz as 


‘Interview with Martin Ridgely, Sumner, Illinois, R. F. D. 6. 
®* Interview with Arthur E. Shultz, Olney, Illinois. 
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the master-mind in the production, handling, and marketing, beyond 
doubt the world-authority in the use of this native prairie grass as a 
seed-crop. 

The Shultz Seed Company plant at Olney, the largest in the area, 
and by far the most complete, has a value of $100,000. The competing 
plant in Olney is valued at $20,000. The two plants at Fairfield are 
valued at about $20,000 each: the one at Salem at $25,000; the one at 
Dieterich at $40,000; and that of the co-operative group, the Egyptian 
Seed Growers’ Association, at Flora at $5,000; making a total cleaning- 
plant investment of approximately $230,000 for the area. 

At the time when Arthur Shultz organized the Shultz Seed Com- 
pany, St. Louis and Chicago dealers were dominating the red-top trade. 
Realizing that local dealers desired to buy in other than carload lots, 
Shultz turned attention to marketing the seed as well as to cleaning it 
to the desired purity. As a result the Shultz Seed Company deals in 
red-top seed the year around, rather than a seasonal handling. Three 
locally trained experts travel continuously in the trade, one handling the 
eastern states, another the southern states, and a third the northern and 
western states. The “Put your home in a setting” movement, and the 
desire for the wide open spaces as afforded by the golf links, have 
created in the minds of the home-owner and the tired business man a 
demand for smooth green lawns and fairways with the greatest speed the 
landscape architects and the grass blades can attain. A red-top white- 
clover lawn can be had in six weeks, even in soil composed of materials 
from a basement excavation, while it requires aimost three years for a 
good bluegrass sod under similar conditions. These uses of red-top seed 
as the chief constituent of lawn mixtures and golf-course grasses has 
more than trebled the demand for the seed. Four thousand local deal- 
ers are quoted prices on the seed each week during the market season 
from July 145th to March Ist by the Shultz Seed Company. Moreover, 
foreign seed-brekers in Hamburg, Stettin, Berlin, Leith, Paris, and 
London are given quotations on red-top seed laid down in their re- 
spective cities, packed in the weights and containers their local trade 

lemands. Thus southeastern Illinois reverses the early trade situation, 
in that it exports to, rather than buys from, northwestern Europe. 

The most important contribution of Mr. Arthur E. Shultz to the 
use of red-top seed as a crop is not the devising of machinery for its 
cleanin: or the organizing of a superior sales machine, important and 
necessary as these two agencies appear to be. A still greater achievement 
lies in the work he has done to systematize red-top seed as a crop, to 


establish scientific grading of the seed so that producer may have fair 
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treatment from the buyer, and to find use for all of the material which 
the farmer offers in the trade as “seed.” The present state and national 
seed laws are markedly strict as to purity of seed offered for sale and for 
importation, especially with reference to quarantine against noxious 
weeds.° Consequently the Shultz Seed Company have had the task of 
making their seeds equal in quality the ratings of the state, federal, and 
commercial testing agencies. This has meant continual refinement in the 
cleaning apparatus and in the care of the seed from the time it is pur- 
chased from the farmer until it reaches the consumer. 

The average “raw” seed secured from the farmer grades as follows: 
fancy red-top seed 70%, unhulled red-top seed 5%, low-grade timothy 
and white clover 5-7%, sand 5-7%, and chaff and roughness 13-15%. 
“Standard” grade in the consuming market is 90% pure under govern- 
ment or commercial laboratory test, and 80% of all seed entering trade 
does so as standard grade. As high as 92, 94, 96, and even 98% pure 
grades are made up for special orders, particularly for golf-course trade, 
where the problem of adulterant weed seeds is a serious one. Grades of 
85, 80, and 75% are handled for the cheaper trade. The unhulled red- 
top, the seeds to which the encasing hull is firmly attached, by reason of 
its resemblance to blue-grass seed, enters into blue-grass mixtures in 
order to reduce the cost in the retail trade. The low-grade timothy and 
white clover are recovered as individual seeds and enter the seed market 
as such. The bright chaff, with some of the light seeds, enters the trade 
of the five-and-ten stores as box mixtures of lawn seed, from which 
germination is as low in percentage as is the cost of the box mixture. 
The dark chaff and roughness enter the feed trade, being mixed with 
molasses, and become mule and oxen feed in the South, mainly in 
Arkansas. The sand is used locally as a lawn fertilizer, being given 
away for the hauling, and is much in demand. Thus scientific attention 
to utilizing the farmer’s product attains an almost 100% achievement, 
veritably equalling the “all but the squeal” attainment of the Chicago 
meat-packing industry. 

The area of red-top production in southeastern Illinois is shown on 
the map, the boundary line of production being an entirely arbitrary 
one. Wayne County stands out as the producer of the purest seed, and 
Richland County as the producer of the seed of highest quality. With 
the exception of the river bottom and swamp areas, the soil of this 
region is derived from the materials of the Lower Illinois glacial drift." 
The surface material has thus been subjected to long weathering and 


” Dept. of Agriculture, State of Illinois, Springfield. Bulletin 330. 
™ Hopkins, C. G.: Fertility in Illinois Soils. Bul. 123, Illinois Agricultural Exp. 
Sta. General Survey Map, p. 295. 
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leaching by rain and ground water, and in general is low in soluble 
plant food. The area is classified by the Illinois State Soil Survey as 
upland prairie soil, mainly a gray silt loam on a tight clay or, in the 
more rolling areas where stream action has been severe, as a yellow silt 
loam. Water passes through the sub-soil quite slowly, thus giving a 
problem of slow or even somewhat poor drainage, although there is not 
a true hard-pan layer in the sub-soil. This situation of soil is apparently 
to the liking of red top, for here it seeds heavily. 
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Map showing red-top producing area of southeastern Illinois. Seed- 
cleaning establishments are shown by dots as follows: D for Dietrich, C for 
Olney (2), S for Salem, F for Flora, and F'a for Fairfield (2). 


A new red-top meadow is secured by sowing either in the autumn 
or spring, autumn sowing being preferred. The young grass attains an 
autumn foothold that insures a cutting the following summer as a rule, 
and affords “spotting” the new meadow with additional seed in areas 
that may have been winter-killed. As a general rule the crop scheme 
into which the red-top meadow fits is (1) corn, (2) corn, (3) oats, (4) 
red-top meadow. Two crops of corn usually follow breaking up the 


meadow to eradicate the weeds. Red-top generally follows oats. The stub- 
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ble is disced to secure a fine surface mulch, all that is needed as a seed- 
bed. Discing is preferred to plowing, because the greater looseness of the 
soil when plowed appears to increase the chances for heaving by frost and 
resultant winter-kill. The oat-stubble may possibly afford winter-cover 
as well. The lightness and size of the seeds demands special equipment 
for sowing. A long, light seed box with holes in the bottom and an 
agitator is fastened to a wheel-barrow or to the rear of a buggy, and a 
16-foot swath is seeded. Four or five pounds of seed are applied per 
acre. No commercial fertilizer is added. All sowing, with traditionai 
Pennsylvania Dutch surety, is done in the dark of the moon, the seed 
then rooting more deeply and being more drought resistant. The average 
life of a red-top meadow varies seemingly with the wetness and dryness 
of the seasons. Three to four years is the life as a rule, with six to eight 
years quite common, and with thirteen years as a locally known 
maximum. 

Harvesting is with the ordinary wheat-oats binder, the grass being 
bound into bundles of similar dimension to these grains, thus utilizing 
the machinery already available in the area. The quality of the meadow 
is judged locally by the amount of twine needed to bind the hay; one 
pound of twine per acre is the average crop. Binding is preferred to 
mowing as a harvest practice, in that the seed when placed in bundles, 
shocked and thus cured in the field, dries out so that in threshing the 
outer coating or hull comes off readily, thus aiding materially the per 
cent of “silver hull” or clean seed secured through threshing. Binding 
also keeps the hay more free from dirt and moulds, produces “bright” 
or “clear” seed in contrast to “specky” seed from mowed hay and thus 
commands a higher initial price for the seed. The cost of threshing 
bound hay is usually 15 cents per bushel, while that of mown hay is 
from three to five cents more per bushel. In the use of the threshed hay 
for winter feeding, bound hay is much to be preferred to mown hay. 
Mown hay retains more of the seed in threshing, has been subjected to 
moisture and mildew, and often develops ergot, thus increasing the 
chances for abortion among the animals using it as feed. Harvesting 
red-top with the binder begins after both wheat and oats have been cut, 
thus releasing the use of the binder, and comes usually in the latter half 
of July and early August. It fits well into the task of plowing the corn 
for the last time. 

Threshing of red-top comes after the first “run” of the wheat 
threshing and occurs as soon as the seed has been cured in the shock, 
generally in August and early September. The mown hay is usually put 
into small stacks at the place for desired threshing, but the bound hay 
is hauled directly from the meadow. Cotton bags for holding the 
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threshed seed are furnished to the farmer by the local seed dealer. These 
bags are of approximately 100 pounds capacity, and replace the larger 
“gunny sack,” or jute bag, of earlier use. Formerly secured from New 
England cotton mills, most of the bags now come from North Carolina. 
Should the farmer not sell his seed to the dealer who has furnished him 
with bags, a standard price for settlement prevails. The farmer is not 
obligated absolutely to sell to the bag-furnishing dealer, although such 
is usually the case. The seed buyer bargains for the seed either by com- 
ing to the farm and sampling, or from the sample brought to the clean- 
ing establishment by the farmer. Poor roads and slow transportation 
brought the dealer to the farmer in the earlier development of the seed 
as a crop. At first the dealer sampled the sacks of seed with a probe, 
blew on a sample thus secured to eradicate the chaff, and with his eye 
and experience in handling, made the farmer a price per pound for the 
seed. Such use of human ability lead to much competitive bidding, 
generally leaving both farmer and dealer dissastisfied with the result. 
Here again the Shultz Seed Company is to be credited for advance- 
ment. By means of a small fanning mill, similar in function to those of 
the cleaning establishment, in size capable of being hauled in a road- 
wagon or buggy, a measured quantity of seed (four ounces in present 
practice) was sent through the cleaner as the farmer watched, and the 
resulting clean (90% ) seed weighed before his watchful eves on a scale 
calibrated in per cent. Thus the farmer was shown visually the actual 
value of his seed to the buyer, and he was quoted the proper per cent of 
the market price per pound. The average production of red-top seed is 
from 70 to 75 pounds per acre from a good meadow, which with a fair 
price, yields about nine to ten dollars gross per acre. Such a return was 
the $9.80 gross of 1929. 

The annual price for red-top seed is determined largely by the local 
dealer. Foresight of experience, size and disposal of the preceding crop, 
the apparent condition of the meadows, and the pulse of the market as 
determined by the field men, are influential in setting the opening price 
per pound. The shift of prices at the opening of the market in mid- 
August was from 714 cents per pound in 1893 to 14 cents in 1929, with 
a minimum of 5% cents in 1904 and a maximum of 22 cents in 1913, 
1914, and 1926, although the extreme maximum price was obtained at 
the close of 1925 when 31 cents per pound was paid.’? Three times since 
1893 has the market opened high and then dropped in price, 1897, 1901, 
and 1917. Five times the opening price has been increased before the 
season ended, 1908, 1915, 1918, 1925, and 1928. See Table I. Since 





* Price data from files of Shultz Seed Company, Olmey, Illinois. 
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red-top seed forms the ready money crop of the area it markets quickly. 
More than 80% of the crop is sold by October Ist, and 90% by October 
L5th. 

The production of seed in the area varies greatly. The average crop 
is between 200 and 250 cars of 30,000 pounds each.'* The year 1927 is 
known as the “miracle” year, for the crop then totalled 700 cars, and it 
was followed in 1928 by a production of 475 cars. See Table II. Seeds- 
men in the area explain the 1927 production as “just a miracle.” How- 
ever, in 1925 when the price soared to 31 cents per pound, added acre- 
age was put into red-top along the western side of the Illinois area, in 


TABLE I 
ANNUAL PRICE OF RED-TOP 
(First price indicates opening and second price close of market season.) 


Woes Cents per Yas | Cents per —_ Cents per 
pound pound pound 
ET 714 || 1906 8 1919 14—18 
1894 ___. ad 121% || 1907 | 814 || 1920 14 
eae 15 || 1908 | 12—14 1921 1514 
1896 i ; 15 ||: 1909 10 ‘|| 1922 17 
1897... ..| 13—9 |} 1910 15 1923 14 
1898... é 814 || 1911... 17 1924 1314 
| ere 814 || 1912 10 1925 20—31 
ES 814 || 1913 22 1926 22 
1901 | Ne il 1914. 22 = ||: 1927 10—11 
Ws 614 || 1915... 10—11 1928 12—14 
i 6 1916... 914 || 1929 14 
1904... 4 514 || 1917 13—10 
a 7 || 1918 12—14 


the southern tier of counties in Iowa, in the region adjacent to Mexico, 
Missouri, and in that about Owensboro, Kentucky. Probably these 
meadows did not reach their prime production until the years 1927 and 
1928, and the two high yields can be thus explained. 

The income from red-top in southeastern Illinois is gradually in- 
creasing. The 1907 crop brought approximately $637,500; that of 1910 
increased the revenue to $787,500; that of 1915 went to $866,250. The 
crop of 1920 at 14 cents per pound totalled approximately $840,000 ; 
that of 1925, with the price ranging from 20 to 31 cents, brought ap- 
proximately $1,530,000; with the miracle year of 1927 estimated as sell- 
ing for $2,205,000. 





® Production estimates from files of Shultz Seed Company. 
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The golf trade now absorbs about 15% of the crop, sales in carload 
lots about 50%, less than carload lots 30%, and the remaining 5% goes 
to replenish the local meadow acreage. 

The use of the red-top stubble, after the cured bundles are re- 
moved for threshing, has much to do with the yield the succeeding year, 
and fits economically into the plans of the farmer. This stubble should 
become the pasture for the late summer, autumn, and winter, and it 
should afford grazing until the early thaws of February. Such grazing 
takes out the weeds from among the stubble and, through the agency of 
the animal hoof, cuts the rather tough sods, thus permitting the animal 
manures to penetrate more easily. Farmers often rent this pasture to 


TABLE II 
ANNUAL PRODUCTION OF RED-TOP 











Year | Carloads' Year | Carloads' Year Carloads' 
1907 250 || 1915 275 |} 1923............. 375 
1908 185 || 1916 995 || 1924. 350 
1909 240 || 1917 200 || 1925 200 
1910 175 || 1918 995 || 1926... 975 
1911 160 || 1919 | 210 || 1927... 700 
1912 200 || 1920 195 || 1928... 975 
1913 150 || 1921 | 180 || 1929 200 
1914 200 || 1922 325 


1One carload equals 30,000 pounds. 
stock-men who desire to hold cattle locally for a period, thus adding to 
the gross return from the red-top acreage. Within the local area baled 
red-top hay, if harvested by binding, commands a price of from five to 
eight dollars per ton. 

Thus red-top as a seed crop has won a place in the farm economics 
of southeastern Illinois. It is the ready-money crop of the late summer 
and the early autumn, and because it is produced from meadows it brings 
in almost clear revenue, except for the costs of harvesting and threshing. 
It thus affords to the farmer operating on a small margin, a source of 


income that has much to do with the general prosperity of the region. 
In fact, the flow of money in the area is directly proportionate to the 
amount and quality of the red-top crop, and local trade is thereby 
affected markedly. 
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This close relation to farm economics has, in the present agricul- 
tural crisis, turned the attention of the growers to co-operative market- 
ing as a possible means of increasing the general revenue. The Egyptian 
Seed Growers Association was organized in 1923-24 through the Illinois 
Agricultural Association as a pool by which red-top seed could be 
marketed with greater profit to the grower. However, the skill in 
cleaning and marketing lies in the persons of the regional dealers, and 
this skill is the factor most largely responsible for successful handling. 
The co-operative group have based their argument for organization on 
the premise that the seed-man pays the farmer for “only the per cent 
of first-class seed which his sample tests,” and “takes all the rest” of the 
poundage sold without remunerating the grower. Out of this “other 
material” comes the unhulled, the timothy, the white clover, ete., all of 
which have some market value. However, the work of the co-operative 
group so far has not shown that “the rest of the material” pays for the 
cost of handling. In 1927 the co-op group set the opening price at 18 
cents per pound, endeavored to keep the standard this high, and sold 
their seed at 11 cents per pound, a loss of $2,100 per car. The cost- 
burden of marketing a bushel (14 pounds) of 90% grade in 1927 by the 
co-operative group was $1.91, while the average cost to the seeds-men 
was 93 cents. At present, (winter 1929-30) there is a strong move to 
extend organization so as to control the majority of the annual produc- 
tion. Little more than 10% of the production has as yet been in the 
organized pool. The lure of federal aid may increase the membership, 
yet the friendly attitude of the grower to seeds-men of established repu- 
tation will continue to be a handicap to co-operative organization. 

There is little chance of expansion in red-top production in south- 
astern Illinois. The present market is about at the saturation point. 
Better cultural methods, the introduction of sheep as the pasturing 
agency, and the closer supervision of the tenant-farmer grower, in order 
to increase yield per acre, are the most pressing needs. 
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STEEL COMES TO HYTHE, ALBERTA 
BY 
MaBeL CromPpTON 


Illinois State Normal University, Normal. 


The coming of steel into the Peace River Country of Alberta, 
Canada, has brought about many changes. After resting for four years 
at Wembley, 28 miles away, the railroad was extended to the Hythe 
area. By August, 1929, seven months after its completion, two marked 
effects were in evidence: first, a rapidly growing town had been estab- 
lished; and, second, the tributary area had turned its interest to com- 
mercial grain growing. 

When plans for this extension were formed, the railroad company 
purposely avoided Old Hythe with its low, poorly drained, site and lack 
of a street pattern. Instead it purchased for $4,000 the adjoining, 
higher, better drained, largely untilled, quarter-section to the northeast 
and laid out the new town of Hythe. 

Business started in this new town before the railroad was completed. 
The Frontier Lumber Company, first to occupy land, was open for busi- 
ness on August 3, 1928, although the first train did not arrive until 
January 15, 1929. All of their lumber was hauled from the end of 
steel at Wembley. The houses for the carpenters and the draymen were 
erected and the work on the four elevators was pushed so the 1928 grain 
crop could be handled. Mr. Donald, the owner of several hotels in towns 
along this railroad, realizing the necessity of a hotel in this newest “end 
of steel” town, bought a choice site as soon as the town was platted and, 
hauling materials from Wembley, erected the 38-room Hotel Donald, 
which was ready for occupancy 15 days before the first train arrived. 
This is a two-story, brick-front, steam-heated building with hot and cold 
water in each room. Since there were no masons or plumbers in this 
part of the country, they had to be brought from Edmonton, 445 miles 
away. 

The town continued to grow rapidly until by August 12, 1929, 7 
months after the railroad was completed, there were 56 business houses 
and 67 dwellings. Twelve of the buildings had been moved from the 
old town of Hythe. With the exception of the hotel, all of the structures 


were frame, most of them one-story and, as yet, unpainted. The popula- 
tion on that date was estimated to be 250. 
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The interest of the surrounding country in commercial grain grow- 


ing was reflected in the amount of the townsite used by implement 
dealers with their offices, storage sheds, and vacant lots strewn with 
their belongings. One firm was setting up 12 new binders. Tractors, 
drills, dises, and threshers were in evidence. Because much of the sur- 
rounding country is being farmed for the first time, a number of single- 
bottomed brush breakers were also in stock. A complete outfit of ma- 
chinery for a section of land sold here for $5,000. 

Since the railroad now ends at Hythe, there is quite a volume of 
freight moving to and from this town. Most of it is handled by trucks, 
but there is still quite a little winter hauling of grain by horses. The 
five garages and the one filling station meet the needs of owners of 
trucks and cars. Barrels of gasoline are trucked from the storage tanks 
to filling stations as far as Ft. St. John, 105 miles away. The price 
of gasoline at Hythe last August was 45 cents per imperial gallon, while 
at Ft. St. John it was 60 cents. It was estimated that $100,000 worth of 
oil and gasoline had been sold at retail and wholesale in Hythe during 
the six months preceding August, 1929. The two livery stables house 
the horses while in town during the cold winter weather. 

There are four general stores, two hardware stores, a drug store, 
several real estate offices and a bank. A millinery and ladies ready-to- 
wear shop was being erected. The butcher handled meat produced in 
the area and slaughtered in an establishment in Old Hythe. The baker, 
supplying not only Hythe but towns as much as 60 miles away, pro- 
duced 3,000 loaves of bread a week. 

Services, interdenominational in character, are held in the little 
log church which was moved from two miles out in the country. A two- 
story school building was being erected so the children from the town 
would not have to walk two miles out in the country. One of the largest 
buildings is used for moving pictures twice a week and for dances once 
a week. 

Since steel ends here, it is not surprising to find a part of the land 
used for the Y, the roundhouse, and the coal storage bins of the railroad. 

One wonders why, even though land is cheap, the railroad laid out 
100-foot streets, but the townspeople declare that they are scarcely 
wide enough when the grain is being hauled. With the exception ef the 
two little strips of concrete, there are wide board walks through the 
business streets. 

The residences are small, two-room or three-room, frame buildings 
without modern conveniences. Although Hythe, with the possibility 
of flowing wells, is very fortunate in the matter of water supply as com- 
pared with many other places in this part of Alberta, most of the resi- 
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dents at present are buying their water for 35 cents a barrel from the 
drayman who hauls it in a water wagon from the railroad well. 

There is no sewage disposal system in the town. At the hotel there 
is a cess-pool, but with the clay subsoil it is necessary to pump the 
sewage from the cess-pool into tank wagons and haul it several miles 
away. 

Most of the homes were without electric lights, although some 
of the business houses were supplied by two small local plants and the 
hotel by a private plant. At a mass meeting of representative business 
men held August 13, 1929, it was decided to petition the Midwest 
Utilities Company to extend their line to Hythe and give the town 24- 
hour service. 

The people of the community are interested in forms of recreation 
other than those already mentioned. The railroad company has dedi- 
cated a considerable tract of land to sports programs. A track for horse 
racing has already been laid out, and corrals for animals for an annual 
rodeo have been made. Inside the racing track is a baseball diamond, 
and there were two tennis courts in the town. Tennis matches and base- 
ball games are played by natural light until 10:30 during the evenings 
of mid-summer. Plans were on foot for the erecting of a building for 
curling this past winter. 

The railroad yard is a busy place, for Hythe has become a dis- 
tributing and collecting point for a relatively large tributary area ex- 
tending for 12 to 15 miles to the south and east and for about 60 miles 
to the northwest. There is much trucking from the freight trains at 
Hythe directly to the consumer in outlying districts or to the stores 
in towns off of steel. General merchandise, including groceries, ma- 
chinery, gasoline, and liquor, make up the bulk of this out-going freight. 
During August, September, and October, 28 cars of fresh fruits and 
vegetables were expected to arrive from British Columbia. During 
August these were shipped in stock cars which gave enough circulation 
of cool air. During September they were to be shipped in box cars, and 
during October in refrigerator cars heated by charcoal burners. This 
later scheme is also used for the winter handling of citrus fruits from 
California. 

The rate for hauling to Pouce Coupé, 46 miles away, is 50 cents per 
100 pounds for all freight excepting the liquor. The rate on it is 75 
cents per 100 pounds, for it is necessary to have guards to protect the 


order of three tons which goes to the liquor vendor there every three 
weeks. A number of the farmers in the Pouce Coupé and Rolla districts 
plan to pay for their trucks by hauling freight to and from Hythe. 
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They have an advantage over farmers in the other areas tributary to 
Hythe. Since the coming of the railroad into the area, the British 
Columbia Government keeps the road from Po&tce Coupé and Rolla to 
Hythe open all year with the exception of about ten days in the spring 
when the frost is coming out of the ground. A part of the road is in 
Alberta, but British Columbia meets all of the expense, so that the 
citizens will be sure to have an outlet to steel. It keeps a snowplow on 
this road all winter and a grader all summer. A fully equipped trailer 
is provided, as the operator lives on the road all the time. 

The passenger train arrives in Hythe twice a week. Its arrival 
is still so much of a novelty that at “train time” a large percentage 
of the population is to be seen at the little station. 

Before the railroad was extended to Hythe, most of the land in 
this area was allowed to remain idle or was used for subsistence farming 
and ranching. Ranching was not profitable, for it was necessary to 
provide an average winter food supply of three tons per animal. A 
marked change was noted last summer, for the land was rapidly be- 
coming a commercial grain-growing area. The climate is favorable for 
the raising of wheat, oats, and barley. A 12-year average at the 
Beaverlodge Experiment Station shows an average January temperature 
of 7.3° F. and an average July temperature of 59.7° F. The average 
annual rainfall for that period has been 16.5 inches, with most of it com- 
ing during June, July, and August. There is some frost danger, es- 
pecially near the brush areas and the low areas, but grain has ripened 
on the higher parts of the Experiment Station for the last 14 years. The 
gently rolling topography makes possible the use of machinery. The 
predominating soil formation is a deep black loam with a clay subsoil. 
These heavy soils retain the moisture for crop growth and make the dis- 
trict quite resistant to drought. 

Much land was being broken for the first time. The native vegeta- 
tion is park-like, with the white spruce and aspen poplar prevalent in 
the brush areas. This land is broken in the main by the use of tractors 
and single-bottomed brush breakers. If there are large trees, they are 
chopped down, and they, with the roots of the smaller trees, at the 
present time furnish the winter fuel supply. Some of the large ones are 
also used for ice houses and some of the sheds. One man was using his 
two tractors day and night in order to break 1,000 acres. Out of another 
holding of 3,200 acres, 2,000 were being broken last summer. It was 
estimated that 30,000 acres were being broken in the immediate Hythe 
area. 

Quite a little land had been broken in the preceding two summers, 
for the coming of the railroad was assured. The grain produced on 
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that land was either hauled to Wembly, taken out by the construction 
gang, or held in the elevators at Hythe until the railroad was completed. 
So great is the interest in grain growing that 25% of the farmers use 
canned milk rather than bother with a cow. It was estimated that 
800,000 bushels of grain would be handled at the four local elevators 
during the winter of 1929-30. 

At present the farmer’s program for the year is as follows: from 
April 15 to May 15 seeding wheat, oats, and barley; from May 15 to 
June 1 summer fallow; from June 1 to July 15 breaking; from July 15 
to August 7-15 making hay; August 15 to September 15 harvesting, first 
barley then either wheat or oats; from September 15 to October 1 stook 
thrashing; from October 1 to October 15 fall plowing, which may con- 
tinue until freezing; from October 15 until snow falls in November 
cutting wood; during the rest of the year hauling grain to the elevators, 
hauling the wood which had previously been cut, putting up ice, repair- 
ing the equipment, and doing the chores. 

In the area near Hythe about twice as much land is in oats as is in 
wheat because there is greater danger from early frosts. In the outlying 
districts, however, there is much more land in wheat than in oats. 

Although the Pouce Coupé area is 46 miles from the end of steel, 
there is much interest in commercial grain growing, for the splendid 
condition of the Provincial Road makes it possible to haul the grain 
for from 15 to 20 cents per bushel. A part of the crop of this area is 
marketed in the form of bacon hogs. One trucking concern handles 30 
trucks of hogs every two weeks during October, November and December. 
The rate is 75 cents per 100 pounds for hauling to Hythe, where there 
are stock pens, feed racks, and loading chutes. 

Cleared land near Hythe with its railroad was valued at $25 per 
acre while equally good land in the Pouce Coupé area 46 miles from the 
railroad was valued at $18 per acre. 

Thus it is evident that the coming of steel to the Hythe area has 
resulted in two major changes, namely, the establishment of a rapidly 
growing town and the development of commercial grain growing in the 


tributary areas. 
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MINERAL FUEL PRODUCTION IN ILLINOIS* 


BY 


Atma R. EIcH 


State Geological Survey, Urbana. 


Illinois’ mineral fuels, coal, oil, and gas, are dependent both in 
occurrence and present availability upon geologic conditions, past and 
present. Thus the coal seams represent several long-period accumula- 
tions of vegetal material beneath widespread swamps, accumulations later 
compressed and consolidated and slowly changed, first to peat, and 
finally to a soft bituminous coal. The coal beds were largely preserved 
from erosion by overlying sediments and by the down-warping of the 
bedrock strata into a great spoon-shaped basin, the “Illinois Coal Basin,” 
the deepest part of which occurs in the south-central part of the state. 
The earth warping which formed the “Coal Basin” also formed anticlinal 
structures which in favorable places became the sites of accumulation 
of oil and gas, especially at the southern end of the LaSalle anticline 
in Lawrence and Wabash counties. 


CoaL 


The Coal Measures extend over approximately two-thirds of the 
state, or 37,486" square miles, underlying eighty counties either wholly 
or in part (Fig. 1). This area comprises about three-fourths of the 
Eastern Interior Coal Field. The Illinois field is smaller and the coal 
is inferior in quality to that of the Appalachian Field but superior to 
most of that of the western fields. ‘The seams have been numbered, 
presumably in the order in which they were deposited, and five of these 
seams, Nos. 1, 2, 5, 6, and 7, have been worked, a relatively small num- 
ber when compared with the fields of West Virginia where coal is taken 
from 22 seams. 

Estimates of the original reserves vary, but average approximately 
200,000,000,000 tons. Of these reserves, 2,009,391,189 tons? had been 
mined up to and including 1928. Using this figure and a fifty per 
cent recovery basis, the fields have been depleted of more than four bil- 


* Published with the permission of the Chief, Illinois State Geological Survey. 

1 Bement, A., Illinois Coal: Lllinois State Geol. Survey, Bull. 56, p. 190, 1929. 

?Coal Report of Illinois, 1926, State Dept. of Mines, p. 51; and Coal Report of 
Ulinois, 1928, State Dept. of Mines, p. 14. 
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Fic. 1. Map showing the boundaries of the coal areas and the anticlinal axes 
of Illinois. (Courtesy of the State Ge ological Survey.) 
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lion tons, or about two per cent of their original resources, leaving Illi- 
nois with a reserve greater than that of any other state east of the 
Mississippi River. 

Methods of mining include the room-and-pillar method in southern 
and central Illinois, where the thickness of coal No. 6 ranges from six 
to fourteen feet, and the Longwall method in northern Illinois, where 
the thickness of coal No. 2 averages three and one-half feet. The former 
method allows less than 50 per cent extraction because of the coal pillars 
that must be left to support the roof; the latter allows about 95 per cent 
extraction because much of the coal removed is replaced by pack walls. 
fecently strip-mining has been developed near the margins of the basin 
where the overburden does not exceed ten times the thickness of the 
coal. This method gives from 90 to 95 per cent extraction, more health- 
ful working conditions, easier supervision of the mining crew, and an 
average daily output of 8.9 tons per man, as compared to 5 tons by the 
underground methods. The following figures indicate the increase of 
coal removed by stripping: 1.4 per cent of the total production in 1918; 
2.4 per cent in 1922; 4.3 per cent in 1925;* and 10 per cent in 1929.4 

The first discovery of coal in Illinois, as well as in the United 
States, was made by Father Marquette and Joliet in 1673 some place 
between the present cities of Utica and Ottawa,’ but the first coal mined 
for commercial purposes was taken from along the bluffs of the Big 
Muddy River in Jackson County in 1810.° Coal production in Illinois 
continued to grow, making the greatest strides from 1898 to 1918 (Fig. 
2) owing to the discovery of ihe Bessemer process of steel-making and 
to general growth in the manufacturing industries. Since 1918, pro- 
duction has fluctuated, mainly because of labor troubles. A seven-month 
strike in 1927 made Illinois’ production less than any year since 1910, 
Another five-month strike occurred in 1928. As a result, for these two 
vears, Illinois’ rank among coal-producing states dropped from third to 
fourth. Nevertheless, in 1928 coal constituted about 60 per cent of the 
value of all minerals produced in Illinois. 

Comparing Illinois’ coal production in 1928 with that of other 
states, we find the relationship shown in Figure 3; or, comparing it 
with some of the large foreign producers, in 1926, the last normal year, 
Illinois produced about one-half as much as the United Kingdom or 
Germany, and two and one-half times as much as Belgium.’ Produe- 


3 Mineral Resources of the U. S., part II, 1922, p. 525. 

*Computed from monthly reports, State Department of Mines and Minerals, 
Springfield, Illinois. 

5 Bement, A., Illinois Coal: Illinois State Geol. Survey, Bull. 56, p. 13, 1929. 

® Ridgley, Douglas C., Geography of Illinois, p. 200-207. 

7U. Ss. D. Cc. Year Book, 1928, part II, p. 708. 
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tion per capita in Illinois is equal to nearly nine tons annually, as com- 
pared to fourteen tons per capita in Pennsylvania or five and one-half 
tons in Indiana. 

It is especially interesting to note the growth in size of the mines 
as production increased. In 1892 there were no mines in the state in 
the 300,000 tons-per-year class. In 1900 there were three mines pro- 
ducing between 300,000 and 500,000 tons annually; in 1908 five mines 
produced more than a half million tons each; in 1925, nine mines pro- 
duced more than a million tons each. The maximum possible produc- 
tion of the Orient Mine No. 2 at West Frankfort, which is the largest 
coal mine in the world, is about four and a half million tons. 
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Fic. 2. Coal production in Illinois, 1888-1929. 


(Source: Barrett, N. O., Mineral Resources of Illinois in 1917 and 1918: 
Ill. Geol. Surv. Bull, 38E, pp. 30-31, 1922. Mineral Resources of the United 
States, Part II, published annually by the U. S. Bureau of Mines.) 


Another noteworthy feature is the shifting of the center of produc- 
tion from northern Illinois to southern Illinois; for the thicker seams, 
less expensive mining, and higher quality of the southern coal offset the 
northern district’s nearness to market. In the early eighties, LaSalle 
County led in production, but in 1907 Williamson County took the lead, 
and since 1915 Franklin County has held first place.* In 1928, Frank- 
lin County had 2.2 per cent of the total number of mines in the state 
and produced 25 per cent of the state’s output.® 


* Bement, A., Illinois Coal: State Geol. Survey, Bull. 56, p. 44-45. 
* Illinois Coal Report, 1928, p. 53. 
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Illinois coal finds a market among both domestic and industrial 
users. The extensive preparation by which Illinois coal is graded into 
ten different sizes has given Illinois producers an unusually large 
domestic market, which consumes about 33 per cent of all the coal 
mined in the state." Railroads are the greatest single consumer, taking 
an average of about 35 per cent’ annually. Artificial gas and electric 
plants are also large users. Nearness to Chicago and St. Louis, both 
great manufacturing centers, increases the industrial consumption. A 
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Fic. 3. Coal production of the leading coal producing 
states, 1928. 


(Source: Mineral Resources of the United States, 
1929, p. A32, published by the U. S. Bureau of Mines.) 


small part of the state’s output, only from Franklin County, however, 
is used in the manufacture of metallurgical coke, so that coal for this 
purpose is brought into the state from the east. About 57 per cent of 
the total output is consumed within the state and the remainder finds 
a market in Missouri, Iowa, Minnesota, Indiana, Nebraska, Michigan, 
South Dakota, Kansas, Louisiana, Tennessee, Arkansas, Mississippi, 
and North Dakota.’* The western limits to which Illinois coal may 


” Hale, Sydney A., Where Illinois coal goes, March 1928, Coal Age, vol. 33, No. 
3, p. 160-163. 
"Idem. Computed. 
“Hale, Sydney A., op. cit. 

















486 Transactions of the Illinois State Academy of Science 


aan age WINNEBAGO sy I 


McHENRY a LAKE 
















WHITES! . oe 8 7. 
"6 
eo 
—— HENRY | ee 
MERCER, ‘ nam 







WOOOFORD 
- ae | i “ 
T aan 


ma 


a 


TAZCWELL 


~| 









| me Lean 


4 


tbe 


ve com vu 





CHAMP) 


SQues | 


GREE! SHELBY . 
NE As io » 
4 IMBERLA Re 
MACOUBIN ' MONTGOME! 



























g i sen 
3 JERSEY | A & — 
z pe ieee paca tt Ase gues sbi ry 
lathe Zt ae 
J Aft \ (L 
er | ie. mons ce 
ng CLIN — pe , wine 7 
\ ST. clair t 3, 3 
WASHINGTON x 
MONROE 


pe 


RANDOLPH 


Legends 





oN |wmutamson SALINE GALLATIN 








---- Pipe lines 
gam O11 & gas fields 


Scale 
10 0 10 2 30 <0 SOMiles 
= — =a 







HARDIN 
UNION. ~-JJOHNSON |P © P E . 





4 






7 
ye My 


% 
, ow Swe) 


Fig. 4. Oil and gas fields of Illinois, showing oil pipe lines, 1930. 
(Courtesy of the State Geological Survey.) 
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determined by competition of the better grade coals of the east. 


greatly in the growth of these cities. Future manufacturing 
be directly influenced by the supplies of coal in the state. 


PETROLEUM AND NATURAL GAS 


exactly conform to the structural features. 


and whether or not new fields are discovered. 


13 Mineral Resources of the U. S.,part II, published annually. 
4 Mineral Resources of the U. S., 1928, preliminary summary. 











profitably be sent are determined by the cost of transportation and the 
point at which it becomes cheaper to use the more expensive coals of 
Kansas, Oklahoma, and Colorado. Eastern and southern limits 


An adequate, reliable, and cheap fuel supply is one of the prime 
essentials of a manufacturing industry. If we compare the centers of 
manufacture in Illinois with the centers of early coal production, we can 
perceive the influence of the vast supplies of fuel on the location and 
growth of cities, manufacturing, and population. Early coal production 
centered in the areas near Chicago and St. Louis and, no doubt, aided 


Supplying a much smaller portion of the fuel of the state, are the 
petroleum and natural gas industries. Figure 4 shows the position of 
the oil and gas fields and of the pipe lines of the state. The most im- 
portant oil fields of the state, in Crawford and Lawrence counties, are 
located along the crest of the southern part of the LaSalle anticline. 
In general, oil accumulation has taken place on the high parts of the 
several anticlines and domes, but locally irregular reservoir beds have 
modified this relation so that the limits of the producing areas do not 


A limited petroleum production was secured from 1889 to 1903 in 
Montgomery County, but not until 1904 was sufficient interest aroused 
in the industry to stimulate prospecting in the eastern Illinois fields. 
Production began in Clark County in 1904 and in Lawrence County in 
1906. Thousands of wells were drilled within a few years. and pro- 
duction reached a maximum in 1908 with an output of 33,686,238 
barrels valued at $22,649,561—which gave Illinois third place among 
the oil-producing states, being surpassed by only Oklahoma and Cali- 
fornia.’* After two years the production began to decline steadily. 
In 1928 Illinois held eleventh place with an output of approximately 
6,000,000 barrels valued at $10,000,000" (Fig. 5). Within recent years 
the decline has been less rapid because of the finding of new fields, the 
most recent of which is the Dupo field in St. Clair County, about five 
miles southeast of East St. Louis. A continued decline is most probable, 
but the rate will depend on the improvement of methods of production 
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Natural gas is produced in limited quantities in connection with 
the prospecting and production of petroleum. The natural gas produced 
in 1928 was valued at approximately $760,000. Comparatively recent 
inventions have enabled manufacturers to produce gasoline from natural 
gas by methods of compression and condensation. This industry grew 
steadily and rapidly until 1926, when nearly 10,000,000 gallons were 
produced, but since that date it has been declining, probably an indica- 
tion of the future trends. 
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Fic. 5. Petroleum production in Illinois, 1904-1928. 


(Source: Mineral Resources of the United States, Part 
II, published annually by the U. S. Bureau of Mines.) 


The magnitude of our mineral industries may be appreciated if 
we reduce them all to terms of power by multiplying the units by 
specific conversion factors. Thus, the coal produced in Illinois in 1928 
was equivalent to approximately one-third the potential power of 
Niagara Falls, or 2,000,000 horsepower; and the petroleum, reduced to 
the same terms, was equivalent to one fiftieth of Niagara’s potential 
power. 
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THE OLIVE IN CALIFORNIA 
BY 
ANNEMARIE E. KRAUSE 


University of Illinois, Urbana. 


The first settlements in California, by the Spanish Mission Fathers, 
laid a foundation for the agriculture of the future. Accustomed to a 
hot, dry summer in Spain and Mexico, they planted the Mission Garden 
in the Coastal Valleys with the products of the homeland. Thus: 

“The introduction of the olive into Southern California took place 150 
years ago when the Franciscan Fathers made the first plantings near the 
San Diego Mission. Since then olive growing has become widely dissem- 
inated in many parts of California, . . . although it is only within the 
past 30 or 35 years that the olive industry has assumed a place of importance 
in the commercial fruit industry of the United States.”! 


CLIMATE 


The olive is adapted to that climate usually known as Mediterranean. 
It includes in California the lowlands and lower foothills, south of 
latitude 40° North. The growing season of those sections producing 
olives is over 240 days, shown on Figure 1. The coastal sections, how- 
ever, are eliminated from olive production because of fogs and cool, 
moist sea breezes. The average temperatures June-August inclusive are 
from 8-10° F. lower than the interior. 

“The mean temperature between the period of blossoming and ripening 
should be at least 68° F. Where fall or winter frosts do not occur the 
average mean temperature may be somewhat less, as this allows a longer 
time for fruit to mature.”? 

The olive blossoms after the danger of spring frosts is over, which 
is on the average April 1. Throughout the area the first killing frost 
of autumn occurs on an average after November 1. Since the fruit is 
injured by a temperature of less than 28° F., it is desirable to harvest 
during October and the early part of November. The growth of the 
olive is thus limited by minimum temperature, “although the trees will 
live and bear some fruit in portions of all the southern tier of states of 
this country.””* 





1KINMAN, C. F.: “Olive Growing in the Southwestern United States.” U.S. D. 
A. Farmers’ Bull. 1249, p. 2. 

2 California Department of Agriculture, Monthly Bulletin, Vol. 4, 1915. 
3U. S. D. A. Farmers’ Bull. 1249, p. 5. 
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The rainfall varies with latitude-and altitude. In general the 
regions producing olives, have from 10-30 inches of rainfall coming dur- 
ing the cool season. 

“For satisfactory production, the olive is as dependent as are other fruits 
upon an adequate water supply. Owing to its requirements of a hot, dry 
region where the black scale is not destructive and of an elevated site on 
rolling or sloping land for assurance against frost, irrigation is almost im- 
perative for the regular production of abundant crops of large fruit. 
Probably 85% of the olive orchards of California . . . are under irriga- 
tion.’ 


SOIL 


The main axis of the Sierra Nevada is formed by granitic rocks, 
which in the northern portion of the range, as well as on the slopes, are 
usually overlaid by clay, slates or shales. The soil derived from these 
rocks is an orange colored (commonly called “red”) loam, more or less 
clayey or sandy. This is the predominant soils of “the foothills.” It is 
highly productive, light, warm, and well drained. 

“The olive is suited to rocky foothill soils such as are found in these 
counties (Sacramento, Butte, Tulare) and is generally considered to produce 
the best quality fruit under such conditions.’ 

The rocks of the Coast Ranges opposite are predominantly of a 
clayey character, hence the olive is found less abundantly on the west 
side of the valley (Figure 1). Soils high in humus and nitrogen con- 
tent are inclined to result in excessive wood growth. ‘Trees yield only 
a moderate crop, and ripening is delayed, therefore loss by freezing is 
more probable. 


TOPOGRAPHY AND DRAINAGE 


The olive tree requires an area free from stagnant water. Thus 
slopes are desirable both from the standpoint of water, as well as air 
drainage. Elevation above sea level is not as important as the relation 
to the adjoining valley. ‘The air drainage in a depression only a few 
feet from the frost free region may be so poor that olives may be 
rendered unfit for pickling. Where air drainage is satisfactory, the 
surface water drainage is usually equally so. The slopes aid irrigation as 


vell as decreasing the cost of it. 


DISTRIBUTION 


The map (Figure 1) shows the distribution of the olive, which is 


grown throughout the central valley and in southern California in all 


‘Ibid, p. 10. 
Private Communication of March 11, 1930. 
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warm valleys where irrigation water is available. The central valley, 
with 76% of the acreage, is comparatively free from early fall frosts. 
This is prerequisite for the ripe olive process, as the olives will shrivel 
and become unsuitable at a temperature slightly below freezing. Ocea- 
sionally late maturing varieties are frosted; this, however, does not im- 
pair their value for oil making. 





Fic. 1. Distribution of olive tree plantations in California, including 
trees not of bearing age. One dot represents 100 acres. The dotted line 
indicates the 1,000-foot contour line, and the 240-day growing season coin- 
cides with it. (Source: Cal. Crop Rep. 1928, p. 53.) 


The soil seems to have been the main factor in more extensive 
plantings in Butte, Sacramento, and Tulare counties. Rich, red loam, 
warm and well drained produces a vigorous tree growth, and an olive 
high in oil content, especially those in the Oroville area of Butte County, 
which bring the premium on the market. 
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In Butte County the increase in acreage between 1925-1928 was 
2,200 acres. An increase in irrigation facilities has taken place, open- 
ing to cultivation many acres of warm foothill land, which is also re- 
flected in the increase of acreage in the counties adjoining Butte. 

In each of the other densely planted areas, Sacramento and Tulare 
counties, some of the less profitable orchards have been abandoned due 
to poor market conditions for olives within the past few years. 

The southern section, though the oldest, has been surpassed by the 
rest of California. The larger market for citrus fruits and the com- 
petition in use of water are probably causes of retarded development. 

The area planted to olives in Jaen, the province in Spain having the 
greatest acreage, is 703,950 acres, or 21.8 times the acreage of all 
California. 

“All of which might indicate that there is room for expansion of the 
olive industry in the Golden State; or that there are so many olives in Spain 


that California might as well forget her ambition to compete with the land 
of the Dons.’ 


PRODUCTION 

The olive is generally grown from cuttings. As seedlings do not 
come true to variety, they are used only for stocks on which to bud or 
graft. The majority of olive trees in the United States have been grown 
by that method. Rejuvenation of trees may be brought about by top 
grafting, or used in changing from one variety to another. This was 
widely practiced in California when the demand for larger fruit, suitable 
for pickles, replaced the oil varieties, in the early part of the 20th 
Century. 

The planting distance varies, depending on soils and water supply. 
The usual distance is 25 feet apart, although where. wood growth is 
heavy 30-33 and often 40 feet has not proved to be too far. Light is re- 
quired by every part of the tree to promote new growth, and it is only 
on the wood of the previous year that fruit is borne; therefore, a proper 
branch spread combined with adequate pruning is desirable. 

Before the olive trees mature, at an age from 12 to 15 years, de- 
ciduous fruits, grapes, or annual crops may be interplanted. Peaches, 
apricots, and plums come into bearing early and will yield a profit while 
the olive trees are developing. Interplanting, however, depends on soil 
moisture and plant food; if either is limited, interplanting may be 
restricted to a narrow strip between the olive rows. 

The variety of the olive to be planted depends on the conditions 
of the area in which it is to be grown. The productiveness and high 


*Crugess, W. V.: “The Olive as Produced in Seville.’’ California Rural Press, 
Vol. 107, p. 40, Jan. 12, 1924. 



















Papers Presented in the Twenty-third Annual Meeting 493 


Fi 


G f 


1914 

Fic. 2. Estimated bearing acreage of selected tree fruits in California 
(from data in Cal. Crop Rep. 1925 and 1928). The olive, though established 
very early in the history of agriculture in California, and though suited to 
the climate and the soil, has developed very slowly and is surpassed in 
acreage by all the other trees shown except the grapefruit. 
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quality of the Mission variety make it desirable for both ripe pickles 
and oil. The Manzanillo, somewhat larger than the Mission, ripens a 
little earlier; therefore, it is suited to such zones where early fall frosts 
might injure the later ripening Mission variety. The fruit is not as 
firm, requiring more care in handling. Butte County has been planted 
chiefly to Mission, while in Tulare County the Manzanillo thrives better. 
The demand for large fruit has stimulated planting of Ascolano and 
Sevillano, the fruits of both of which are more tender than the others, 
the latter especially being very easily injured by frost. 

The harvest season is influenced by the variety of the fruit, but 
more by the locality. In the warm inland valleys the fruit matures 
earlier than in the southern portion of the state. Thus the first picking 
of the Manzanillo in the north is done in the middle of October, while 
in the southern districts it is about the first of November, and in places 
exposed to the sea breezes ripening is delayed until later. 

Usually three or four pickings are necessary to obtain the maximum 
amount of olives of the desired color. Picking is done by hand, into 
baskets or buckets, the latter often containing some water to serve as a 
cushion for falling fruit. In very few instances are rakes used to strip 
the branches and fruit allowed to fall on canvas. This method may be 
used for oil olives, but injury to the tree is likely and a decrease in next 
year’s crop is unavoidable. 

The production of olives varies, but it is one of the habits of the 
tree to bear a very light crop one year and a heavy crop the next. This 
can be modified by pruning and cultural methods (fertilization and 
plowing), but it cannot be controlled. The climatic factors of late 
spring frosts and hot, dry winds during the time of blossoming influence 
production to a minor degree. As a result the total production fluctuates 
from year to year (Figure 3). The 1924 crop, which was only 28% 
of the normal production, may be attributed to severe drought, accent- 
uated by little snowfall and consequent shortage of irrigation water. The 
slight increase in plantings (Figure 2) and production are probably 
due to an extension of the market for the ripe olive. 

The manufacture of olive oil is inseparable from the ripe olive in- 
dustry. Only the large fruits are utilized in pickling. With a very 
heavy crop the oil sizes may predominate. The quantity used for pickles 
and for oil varies considerably with the amount produced. During the 
last two years about half of the harvested tonnage was canned, while 
“the remainder has been shipped fresh, home-pickled, salt-cured, and 
used in the manufacture of olive oil.” 


7 California Crop Report, 1928, p. 35. 
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“The production of olive oil in the United States is insignificant com- 
pared with consumption. In 1926 it amounted to only 1,383,000 pounds as 
compared with a consumption of 132,882,000 pounds.’ 
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Fic. 3. The fluctuation in the amount of olives used for oil depends on 
the size of the fruit and the market for ripe olives. In a year of heavy pro- 
duction a great deal of the fruit is not picked at all, and this accounts for 
the apparent discrepancy between the values indicated for total production 
and for amount used for oil. (Sources: U. S. D. A. yearbook 1930.—U. S. 
Cong. Tariff Readj. 1928, vol. I, p. 709.—U. S. D. A. Bur. Agr. Econ. “Foreign 
Crops and Markets,” vol. 16, nos. 20 and 21, May 14 and 21, 1928.) 


COMPETITION 
The California ripe-olive industry has no competition from Euro- 
pean countries. A small quantity of ripe olives in salt is imported from 
Greece and Italy and consumed chiefly by the immigrants accustomed 


SU. S. Congress, House Committee, Tariff Readjustment, 1929, Vol. I, Schedule 


1, Chemicals Oils, Paints, p. 665. 
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to them, but the imports will in all probability never compete with the 
American product. The danger of the olive fly increases as the fruit 
nears maturity; therefore, every effort is made to pick them green as 
early as large enough for pickling. However, the imported green olives 
are in competition in so far as they have established a priority claim on 
the American market. The ripe olive must establish its own market 
by its superior qualities in food value. 

Under present conditions, olive oil being so closely bound up with 
the ripe olive industry, cannot dominate the Amercian market. Low 
labor costs in Southern Europe (labor representing 60% of the total 
cost of production) and low ocean freight rates give those countries an 
enormous advantage over us, for the cost of labor in California is rela- 
tively high, as shown by the following: 

“The average wage paid for orchard olive industry is $4.00 per day and 
in the factories $4-$6 per day, compared with a wage rate in Spain ranging 
from 41-65 cents per day for male workers, a rate in Greece of 78 cents per 


day for male workers and 39 cents per day for female, a rate in Italy of 36 
cents per day for female and 53 cents per day for male.” 


In considering transportation costs, the rate on olive oil from Genoa 
to New York is 66 cents per hundred pounds. The all rail freight cost 
of delivering California olive oil in New York is $1.28 per hundred 
pounds, while the rail and water rate (using the Panama Canal) is 7314 
cents. 

“Foreign producers have an enormous price advantage over domestic 
producers in the sale of their products in the greatest consuming area of the 
United States, namely in the densely populated region of the Atlantic sea- 
board.”1° 

“As a matter of fact, the foreign producer of olive oil can even ship olive 
oil into the state of California with duty, freight, and all other charges paid 
and sell the produce at prices which deny the domestic olive grower any 
profit whatever.”?! 

Within the country the market conditions prevailing at the time 
of planting will always be a factor in making the decision as to what to 
plant. Oranges and raisin grapes have climatic requirements similar 
to the olive; the latter, however, will grow on poorer soil and require 
less water and cultivation. 

Competition of vegetable oils with olive oil is scarcely possible. 
Olive oil may be considered a “luxury oil” because of its high price, cost- 
ing about twice as much as vegetable oils. The average American pre- 
fers the vegetable oils such as cottonseed, corn, and peanut oil, because of 





®*U. S. Congress, House Committee, Tariff Readjustment, 1929, Schedule 7, pt. 
vii, p. 3,672. 

bid, p. 3,672. 

Nu [bid, p. 4,582. 
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is nearly 20 times as much as that of olive oil (10,000,000 gal.). 


FUTURE OF THE INDUSTRY 


support its agriculture. 


consumed on the Pacific Coast. 


conditions. 
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their bland and neutral flavors, and dislikes the olive oil because of its 
pronounced flavor. The consumption of vegetable oils (193,000,000 gal.) 


A comparison of Italy and California reveals a similarity of climate, 
mountainous topography, and plains area, and the products have much 
in common. However, agriculture in Italy aims to support a hungry 
population, while California seeks a market outside of its borders to 


The future of the olive industry will depend to a great extent upon 
the education of the American public to the superiority in taste and food 
value of the ripe olive, and upon making it a part of the regular diet 
rather than a condiment. At present about 60% of the yearly pack is 


It is improbable that the many thousands of acres of unirrigated 
land capable of producing olives for oil or the dry-land orchards 
formerly producing oil olives will be revived under present economic 
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ToLtMAN, L. M.: “Olive Oil and Its Substitutes.” U. S. D. A. Bureau of 
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THE AGRICULTURE OF THE PEACE RIVER 
FRONTIER 
BY 
Henry M. Leprarp 
University of Chicago. 

The Peace River Country comprises the northwest quadrant of 
Alberta and the contiguous Peace River Block of British Columbia, and 
occupies approximately the central part of the basin of the Peace River 
(Fig. 1). Extending nearly five degrees north of 55° N. latitude, and 
from 115° to 122° W. longitude, the Peace River frontier has the 
latitude of southern Scandinavia and the longitude of the Columbia 
Plateau. The region includes 73,500 sq. mi. of territory, or 47,000,000 
acres, an area 1.3 times that of Illinois. The Peace River settlements 
(Fig. 2) are reached by way of Edmonton, Alberta, Peace River and 
Grande Prairie, the principal towns of the area, being 300 miles and 
400 miles, respectively, northwest of that city (Fig. 1). 

Although the Peace River frontier has considerable stands of white 
spruce and of lodgepole pine of commercial dimensions,’ and also signi- 
ficant supplies of coal, gypsum, and possibly petroleuin,? the timber and 
mineral resources are for the most part, on account of inaccessibility, of 
potential rather than of present value. The Peace River Country, with 
a population estimated at 25,000-30,000, is essentially an agricultural 
region and constitutes probably the most northerly large area of agri- 
cultural land in North America. 

The status of agricultural development in the area may be indicated 
by the volume of farm products available for export. During the crop 
grain amounted to almost 8,000,000 


1 


vear 1927-28 the shipments of 


bushels. 5.300.000 bushels. or 68 per cent of the total, consisting of 
wheat, and the remainder being coarse grains, chiefly oats.* In 1927 the 
settlements exported some 700 carloads of livestock, made up of more 
than 20,000 hogs and approximately 9,000 head of cattle.4 In 1927 also 
a quantity of creamery butter, amounting probably to 400,000 pounds’, 


reached Edmonton from the Peace River frontier. 


1K. H. Kirro, The Peace River Country, Canada, Department of the Interior, 
Canada, 1925. 

Ihid., pp. 42-43. 

W. D. ALBRiGcHtT, Report of the Superintendent, Experimental Sub-Station, 
Beaver lodge, Alberta. Department of Agriculture, Dominion of Canada, p. 4. 

* Thid., p. 6. 
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The major problems of this marginal region are the geographic 
problems involved in the reclamation of raw scrub or bush land and its 
utilization for agricultural purposes; and the placing of surplus quan- 
tities of farm products on distant markets. 

As already noted the entire region has an area of approximately 
47,000,000 acres. The Peace River Block, for which detailed data re- 
garding land utilization are not available, has an area of 3,500,000 acres. 
In the Alberta section of the Peace River, which has an area of 
43,500,000 acres. a total of approximately 1,000,000 acres was in occu- 
pied farms in 1926,° the year of the latest census of Alberta agriculture. 


TABLE I 
CLASSIFICATION OF LAND IN OCCUPIED FARMS 
Improved Land 


















































. Percentage 
Use of Land Acres Percentage of total 
= tan 

SSR Res nea _| 261,745 73 

| ee Re ae ae ae | 90,178 25 

RES ESSE Se ere ee ee oer : 4,515 1 

TS SURUAE ER tees Onan ae 3,903 1 
Total mproved........................... 360,341 100 34 

Unimproved Land 
Natural Condition Acres Percentage 

Natural pasture.................... ; ; 497,908 71 

Sg Sees ee 145,554 21 

Marsh or waste.................-.-.-.-0-0+-+-- 54,294 8 
Total unimproved...........................- , | 697,756 100 66 
Total in occupied farms............................ | Et St eens 100 








The alienated land on both sides of the interprovincial border comprises 
a number of settlements (Fig. 2) which lie, for the most part, along 
existing railways or along the routes of projected extensions. The settle- 
ments include those which focus on and take their names from Grande 
Prairie, Beaverlodge, Pouce Coupé, Spirit River, Peace River, Falher, 
and Grouard. Considering, for the reason noted, the Alberta settlements 
only, Table I gives a classification of land in occupied farms in 1926.’ 





os of Alberta, 1926, Dominion Bureau of Statistics, Canada. 
7 Ibid. 
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In the year indicated 2.4 per cent of the total area was in occupied 
farms. One-third of the land in those farms was improved, the remainder 
Of the improved land nearly three-fourths 
3), and one-fourth was idle or fal- 
Of the wild land more than 70 per cent was natural pasture, and 
about 20 per cent woodland. 


Table 1I shows the distribution of the total acreage in field crops 


among the major crops grown in 1926. all but 600 acres being 














Crop Acres | Percentage 

ge 4 OPE ETRE ; 138,781 | 53.0 
ce a 95,058 | 36.3 
Fodder crops... widb exis 17,000 6.5 
Barley.. CLS os PRT Sa Rene nee 7,365 2.8 
| | See al 2,263 0.9 
Roots and potatoes ets cctnstiuain Clerk 2 ae 73d 0.3 
Mixed graine......................... 437 0.2 
See C Ee, Set ereede te 86 0.03 
REDE ee i ne ee Tere 261,745 100.0 
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spring wheat (Fig. 4), occupied an acreage slightly greater than that of 
all other field crops combined. About 36 per cent of the crop land was 
devoted to the production of oats (Fig. 5). The remaining 10 per cent 
of the land in field crops was divided chiefly among other grains, sev- 
eral varieties of hay, and roots and potatoes. 

The proportion of the acreage of all field crops planted to grain, 
especially to spring wheat and to oats, indicates the notable extent to 
which Peace River agriculture. is a grain-growing industry; and the 
export figures, noted above, give evidence of the fact, strikingly patent to 
an observer in the region, that the economic life of the Peace River 
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frontier is based on commercial grain-farming, spring wheat being the 
principal crop. It is evident also that stock raising is carried on to some 
extent, but that industry is, in most parts of the area, of relatively minor 
importance, 

Though the production of wheat and oats is the main agricultural 
objective throughout the region, there are local variations* in the pro- 
portion of land devoted to different crops. Land utilization in the 
Spirit River district, for example, exhibits the high proportion of land 
in wheat and oats and the low percentage in pasture and idle land com- 
monly occurring in the older settlements which have had adequate rail- 
way facilities for a number of years, 


*The generalizations which follow are based on field surveys. 
at a later date detailed maps of the areas indicated. 
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The large proportion of farm land in pasture grasses in the Valhalla 
community,® on the other hand, is indicative of a well-established dairy 
industry in a settlement which until 1929 was handicapped by a long 
haul to a railway shipping point. Dairy production by the Scandinavian 
colony was undertaken on account of the difficulty experienced in 
maturing wheat due to the prevalence of early frosts in the Valhalla dis- 
trict. The frost hazard probably was increased over that of the Grande 
Prairie district, for example, by air drainage from the Saddle Hills 
which rise immediately to the north of the settlement, and by the 
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Fig. 5. 


absence of ravines leading from the area down to deeply intrenched 
streams. The frost hazard was further increased by an unsystematic 
procedure in the reclamation of brush land which created numerous 
islands of crop land surrounded by heavy brush. Colder air, acewnulat- 
ing in these “frost wells.” greatly increased the danger of early frost. 
In Finland, on the other hand, it is conunon practice to reduce the frost 
hazard by clearing land in strips with the longer axis of the reclaimed 
land parallel with the direction of the prevailing wind, thus facilitating 
the flow of air through the clearing.'® 

The Peace River Country is, in general, an extensive plain which 


rises like : 


plateau with even sky-line above the deep trenches of the 


* North of the island of crown land which lies between the Grande Prairie and 
Beaverlodge settlements. 
“ EVGENE VAN CLeer, Finland—The Republic Farthest North, p. 34 











504 Transactions of the Illinois State Academy of Science 


Peace River and its principal tributaries. The plain is broken by sev- 
eral ranges of low hills, a number of which have been withheld from 
homestead entry as proposed forest reserves. The settlements are, for the 
most part, gently rolling to rolling areas with but a small percentage of 
the land too steep for the plow, except near the courses of the larger 
streams where, in many instances, the plain is deeply dissected for miles 
from the main valleys. The amount of valley-bottom land available for 
agriculture is negligible. 

The drainage of the farm land of the region is in general satis- 
factory. The precipitation is light, and the depth and ramifications of 
the many valleys facilitate run-off. Small lakes are fairly numerous, 
but in the majority of cases observed the land was cultivable to within 
a short distance of their margins. In dry years the crop land near the 
ravines and larger vaileys is likely to show the effects of over-drainage. 

Notwithstanding the occurrence of place names such as Grande 
Prairie, High Prairie. Big Prairie, Little Prairie, ete., the Peace River 
frontier is by no means a prairie region. The area may be characterized 
rather as park land, shading into timber land with a dense stand of 
sizable trees. Small areas have an overburden of only light scrub, but 
by far the greater part of the land now available for homesteading car- 
ries a close growth of bush vegetation, consisting chiefly of aspen with, 
in places, an admixture of spruce. 

It is evident that land clearing is prerequisite to farming, and this 
circumstance is of prime significance in the settlement of the region 
under consideration. The ordinary homesteader has little capital, and 
proceeds to chop out a farm from the aspen wilderness. Progress under 
such conditions is likely to be slow. 

In practice the prospective settler’s choice of land is based primarily 
on the known or reputed character of the natural vegetation involved, 
as evidenced by the case of the Pouce Coupé settlement in which the 
distribution of occupied farms coincides very closely with the areas of 
light clearing. 

In the selection of land on the basis of clearing liabilities little at- 
tention is paid, in perhaps the majority of cases, to the type of soil in- 
volved. Citing the case of the Pouce Coupé settlement again, it is evi- 
dent that the settlers of that area, in choosing land relatively easy to 
clear, secured a considerable variety of soils. In other words, while the 
distribution of occupied farms and land requiring only light clearing 
present a positive correlation, a definitely negative correlation exists be- 


tween the distribution of those holdings and the soil types occupied. 
The soils being utilized range from fine sandy loams through sandy 
loams, loams, and clay loams to heavy clays. The majority of the farms 
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are on sandy loam soils. These light soils are easy to work, but the num- 
ber of years they will produce profitably under present frontier methods 
of farming is problematic. There is relatively little black prairie soil in 
the Peace River Country. Brownish, park land soils are most wide- 
spread, but they are by no means continuous. Soils vary greatly within 
short distances and the unwary settler may find himself located on 
sterile white clay within sight of fertile park land loam. 

In view of the agricultural productiveness of the region, indicated 
in an earlier connection, climatic conditions would appear to be favor- 
able to the type of farming being carried on. It is claimed, indeed, that 
the variability of summer precipitation and the early frost hazard are 
less than in parts of Alberta much farther south. 

Meteorological records complied for twelve years by W. D. Al- 
bright™* at Beaverlodge indicate an average of three months, June, July, 
and August, with a mean temperature above 50°F. and reaching 60° F. 
in July. The annual precipitation amounts to 16.5 inches, nearly half 
of which falls from May to August, inclusive. The mean annual snow- 
fall totals 70.2 inches, affording sleighing conditions for an average of 
134 days a year. The sunshine record indicates an average for five vears 
of 2,100 hours of sunshine, with 289 hours in July and 70 hours in De- 
cember. The average length of the growing season, that is, the “number 
of days from average date of seeding to average date of first frost’ 
approximately 120 days. In certain areas, including the Falher and 
Peace River districts, the period slightly exceeds 130 days. 

The agricultural development of the Peace River frontier is going 
forward rapidly, not only in the winning of raw land to the plow, and 
the adaptation of production methods to the natural conditions of the 
region, but in the improvement of living conditions. 


ea 
9 


With his crop produced, however, the farmer faces one of his most 
serious handicaps in the marketing of his exportable surplus. In plae- 
ing his wheat on board ship at Vancouver, the Peace River farmer is 
penalized, in comparison with the producer in the Edmonton distriet, by 
a distance of 300 miles to 400 miles. Moreover, that distance also in- 
creases materially the cost of imported commodities. Surveys are now 
being made, however, looking toward the eventual extension of the 
present Peace River railway net to provide the settlements with a more 
direct route to the Pacific, either by way of the Canadian National line 
to Prince Rupert or by a new route leading west to tidewater north of 
that port. 

" Op. cit., p. 8. 


® Physical and Climatic Map of Manitoba, Saskatchewan and Alberta, Depart- 
ment of the Interior, Canada. 








506 Transactions of the Illinois State Academy of Science 


CUBA’S SUGAR DILEMMA 


Victor FE. Vraz 


Northwestern University, Evanston. 


Few countries afford a better study of the problems of monoculture 
than Cuba. Although not a one-crop country by any means, the de- 
pendence of the island on sugar is so great that the industry forms the 
very backbone of Cuba’s economic life. If the sugar crop is good and 
prices for raw sugar favorable, Cuba is prosperous; when the harvest is 
poor or prices low, a general depression results. The export statistics 
during the last few years indicate how closely the purchasing power of 
Cubans is dependent on sugar. From 1924 to 1928, inclusive, exports 
of sugar have constituted on the average around 87 per cent of the 
value of all exports. In such abnormal years as 1920 and 1921 the per- 
centage was even higher; for the last twenty years the proportion has 
never been less than 75 per cent.’ 

A study of sugar production figures is not necessary. It has been 
estimated that of the total output some 97 per cent is exported. For 
all practical purposes, therefore, the export statistics suffice.* 

Sugar is the one great money crop, giving employment to labor, 
distributing income throughout the island, and affording the basis for 
most business. The planters and the mills are, of course, the first to 
suffer whenever the cultivation of sugar proves unprofitable. The 
“promedios,” or average price computed for settlements between Cuban 
farmers and the mills, has steadily declined since 1924 and has resulted 
in very unfavorable conditions among agriculturalists.*. With what ap- 
prehension the Cuban government regards conditions within the in- 
dustry may be seen from the following quotation : 


“The Cuban government considers the low price of two cents a pound for 
Cuban raw sugar delivered in New York so serious that all government offi- 
cials have been required te take cuts in salaries ranging from 10 to 15 
per cent.’’4 


1U. S. Dept. Commerce. Commerce Reports, July 22, 1929, “A Statistical Sum- 
mary of Cuba.” 

2The Cuba Review, March, 19390, p. 23. 

%U. S. Dept. Commerce. Commerce Reports, Feb. 17, 1930, p. 483 

*Chicago Daily Tribune, Feb. 4, 1930, Financial Page. 


ao. 
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INVESTMENTS IN CUBAN SUGAR 


Estimates of the amount of capital in Cuban sugar mills and prop- 
erties vary from 900 million to well over a billion dollars. In January, 
1928, the Cuban Chamber of Commerce stated that the United States 
investment in the sugar industry was approximately 800,000,000 dol- 
lars.” With the exception of Canada, American investments in Cuba 
surpass the amount of United States capital in any foreign country. 
One-half of this huge fund is devoted to sugar production, and about 
two-thirds of the Cuban sugar output comes from American-owned 
mills.® 


TRENDS IN WortLD SuGarR PRODUCTION 


Cuban production of sugar has about trebled since 1913. Moreover, 
this increase has been accompanied by a rapid increase in the world’s 
production of cane as compared to beet sugar. Twenty years ago, Java, 
Cuba, the Hawaiian Islands, the Philippines, and other tropical lands, 
now important exporters of cane sugar, were relatively insignificant. 
In 1902, a normal year representative of the early years of the twen- 
tieth century, cane sugar constituted roughly 40 per cent of the world’s 
sugar supply. In 1918, the vear of greatest development, cane sugar ac- 
counted for 71 per cent.* The war brought a dislocation of the great 
heet sugar regions. The increased demand and the resultant high prices 
caused a remarkable growth in the sugar industry of Cuba and other 
tropical regions naturally favored for low cost production. 

Soon after the cessation of hostilities, the rapid recovery of beet 
sugar was apparent. Prices of Cuban raws, which had reached the un- 
precedented figure of 23 cents a pound in New York during May, 1920, 
fell with a erash the next month. Since the boom vear, the highest 
average price was that of 1923 when quotations were 5.24 cents, cost 
and freight, New York.S During the first months of 1930, prices have 
fluctuated around two cents per pound. 

The continued low prices have been the result of world over-pro- 
duction. Cuba, Java, India, and the insular possessions of the United 
States had accelerated production unduly. The rapid reorganization of 
European beet sugar producers glutted the market. The encouragement 
given by European governments to beet culture is not due solely to an 
exaggerated fear of dependence on other nations for an important food 

‘The World Almenac, 1930, p. 643. 

* Foreign Affairs (New York), Jan., 1928, p 


*WILLeETT and Gray, World Sugar Statistic 8, March, 1930. 
‘The Cuba Review, March, 1930, p. 23. 
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product. Beet growing insures a good rotation of crops, clean fields, and 
a general improvement of the soil. No less important are the many uses 
of the residual by-products of the beet.® 


CuBa’s EXPERIENCE WitH Crop RESTRICTION 


How keenly aware Cuba is of the dangers of over-production can be 
seen from her efforts during the past few years to remedy the situation. 
After consideration of many proposals, a law known as the “Tarafa 
Sugar Measure” was passed in September, 1927, creating a body advisory 
to the president on all matters relating to the sugar crop. The first 
action of the commission was to suggest a restriction of the crop, which 
the president carried out by a decree limiting the sugar production of 
the next season to 4,500,000 tons and that of the following year to 
4,000,000 tons.?° 

Contrary to expectations, depression did not follow the crop re- 
striction of 1927. The opposite seems to have been the result. The 
average price for Cuban raws in New York rose from 2.56 cents per 
pound in 1926 to 2.95 cents the following year.1' The revival of busi- 
ness that ensued, however, was chiefly due to the new activity of the 
sugar mills. Many of the industrials, feeling that sugar restriction 
would not be continued in the near future, began to renovate their 
plants. The large expenditures for machinery and plant equipment 
created a temporary stimulus to business. When it became known that 
a more drastic cut would follow in the next season, a depression was 
precipitated. 

In the early part of 1928, President Machado decreed that all re- 
striction on the sugar industry be abolished. The attempt to improve 
the status of Cuban sugar was admittedly a failure. The reason was 
the same that caused the frustration of British rubber restriction. Pro- 
ducing only about 20 per cent of the world’s sugar supply, Cuba could 
not influence prices except temporarily, and then only slightly. The 
other leading cane sugar regions profited by Cuba’s decreased output and 
stimulated production. Thus the world crop of 1928 was actually greater 
by a million tons than that of 1926.?* 

The European beet sugar regions were fostering their industries by 
means of tariffs and bounties. The production of India, third as a world 
producer at present, responded but slightly to world market prices and 


* Facts About Sugar, Sept. 7, 1929, p. 857. 

%”H,. L. LAKIN, “The Tariff Revision on Sugar,” 1929. (A pamphlet.) 
1U, S. Dept. Commerce. Commerce Reports, Feb. 17, 1930, p. 483. 

2 WILLET® and Gray, World Sugar Statistics, Feb. 8, 1930. 
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conditions. The Indian cost of production is very low and, furthermore, 
is in the hands of many small producers. Java, the second largest world 
producer, was able to realize profits despite the low prices. Java has 
cheap labor and marvelously efficient agricultural methods, and in the 
past few years she has brought into general use a new cane variety 
known as the “P.O. J.,” which gives a higher yield per acre and there- 
fore reduces costs.** 

One further question necessitates consideration. Why did not 
Cuban production decrease of its own accord, without governmental 
intervention? Normally, when prices do not cover costs of production, 
less efficient firms are driven out of business and the total supply is 
diminished. Sugar cane, once it is planted, however, represents a sub- 
stantial investment, good for many years of production. To quote from 
an article analysing the Cuban situation: 


“Cuban producers cannot afford to abandon this investment even though 
the cash return in a given year may fail to cover overhead and other costs. 
If a Cuban producer finds himself unable to meet his debts his creditors 
take over his property and continue producing to protect their loan.”!* 


Wuy Cusa LEADS IN SUGAR 


Many factors have contributed to make Cuba the world’s greatest 
sugar producing region. P. G. Wright has remarked: 

“Cuba has vast areas of land better adapted, perhaps, than any other 
region in the world, both with respect to soil and climate, for the produc- 
tion of sugar.”15 


Generally speaking, sugar cane has been found to grow best where 
there is a distinct wet and dry season, and in soils that are friable, 
porous, and well drained, but which are well watered during the growing 
season. Most Cuban soils are so rich that the old roots produce as many 
as ten annual crops without replanting, although more frequent replant- 
ing is usually advantageous. An acre of land produces on the average 
15 to 20 tons of cane yearly, of about 16 percent sugar content, though 
virgin lands yield as high as 35 or even 50 tons.’® 

The average yields are higher in Java and Hawaii, not because 
of natural conditions, but because of the more scientific methods em- 
ployed. Cuba is much less efficient than these countries in the practice 
of fertilization, selection, and improvement of cane varieties. Java has 
made far greater progress in the cultivation of cane that grows well, 
is resistant to disease, and has a high sugar content. 





18 ” The Sugar Journal, Nov., 1929, p. 578. 
™ Barron’s, Jan. 7, 1929 ‘ p. 4 
® Sugar In Relation to ine Tariff,” 1924. 


% Bulletin of the Imperial Institute of London, vol. 19, p. 26. 
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Besides having the natural conditions for the cheap production of 
sugar, it happens that Cuba is located near the United States, the great- 
est market for sugar in the world. The reciprocity treaty of 1903, which 
gave Cuba 20 percent differential on the sale of her products to the 
United States in return for a 20 to 40 percent preference on United 
States exports to Cuba, acted as a great stimulus to the sugar industry. 
Large amounts of American capital were immediately invested in mills 
and sugar lands. The increase in exports of Cuban sugar was remark- 
able. Since 1902, the year previous to the ratification of the treaty, 
exports of sugar from Cuba to the United States rose from less than 
500,000 tons to over 3,600,000 tons in 1928.77 The development of the 
sugar industry would have taken place following the years of reconstruc- 
tion after the winning of independence, even in the absence of the treaty, 
but certainly not at the same rate. 


CUBA AND THE U. S. TARIFF ON SUGAR 


Cuba regards the United States as the one great market for her 
raw sugar exports. For the years 1924 to 1928, inclusive, 87 percent 
of Cuba’s entire production was sold in the United States, and for the 
last twenty vears the average has been around 80 percent.'‘* The United 
Kingdom is the only other country relatively significant as a purchaser 
of Cuban sugar. In post-war years from 15 to 18 percent of the sugar 
exported has gone to the United Kingdom. France and Canada rank 
next but are of slight importance in the total trade. South American 
and Central American markets have long been closed to Cuba, while the 
instability of demand, as well as Javanese competition, makes sales in 
the Far East negligible. The large European markets have high tariff 
barriers, and, furthermore, are in close proximity to the great beet 
sugar producing regions.'® 

Under these conditions it is natural that Cuba should view with 
alarm any possible increase in the United States tariff on sugar. Since 
the close of the nineteenth century, a general tendency for the United 
States to increase the sugar duty can be observed. At first, duties were 
purely for revenue, but little by little the protectionist point of view 
was adopted. Despite two downward revisions, from the Wilson Act of 
1894 through the Fordney Act of 1922, there has been an inerease in 
the rate on Cuban raw sugar from 1.68 to 1.76 cents.2” In the last 

7U, S. Dept. Commerce. Commerce Yearbook, 1929, vol. 2, p. 189. 

*U. S. Dept. Commerce. Commerce Reports, July 22, 1929. 

% Great Britain Dept. Overseas Trade, “kconomic Conditions in Cuba,” Nov., 


1929, p. 39. 
“~The Tariff Review, Nov., 1929, p. 283. 
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session of Congress, with a final adjustment still pending, the House 
raised the rate to 2.40 cents; the Senate reduced it to 2 cents. The duty 
when finally determined will probably mark a compromise between the 
two limits.* 

The higher tariff will undoubtedly further handicap Cuba in her 
competition with the beet and cane growers of the United States, and 
the producers of Hawaii, the Philippines, and Porto Rico. At present, 
continental United States together with its possessions supplies over 
one-half of the American consumption, while Cuba’s share is about 47 
percent.** What the effects of the new tariff on the protected regions 
will be is not certain. The United States Tariff Commission reported, 
on July 31, 1924, that the estimated difference in average cost between 
the Cuban and the United States production of raw sugar was 1.23 
cents per pound; the estimate of the minority was 1.83 cents.*? If 
these estimates are even approximately correct, the new rate should be 
more than sufficient to protect United States producers, unless differ- 
ences in cost have changed considerably since the time of the report. 

The figures quoted are for average costs and are not indicative of 
the degree of protection necessary for beet and cane sugar producers in 
diffe ent sections of the country. Thus, the protection might be more 
than sufficient for the Colorado beet producers, because of the freight 
rates that Cuban refined sugar must pay from New York to the markets 
of the central and mid-western states, and not enough for the Michigan 
sugar producers. 

The fact that Cuba has been selling her sugar for 2 cents a pound 
or even less (cost and freight, New York) must not be interpreted te 
mean that average costs of production are less than this figure. Many 
Cuban producers have been and are suffering actual losses.** 


THE YEAR 1929 In REVIEW 


The year 1929 was an eventful one for Cuba’s leading industry. 
The beginning of the year marked a period of depression due to the 
prospects of a large sugar crop. The situation was aggravated by the 
hearings of the House Ways and Means Committee in the United States 


where proposals to increase the tariff on sugar were under consideration. 


* The new tariff revision finally became a law in June, 1930. The rate on 96° 
foreign sugar is 2.5 cents per pound, and on Cuban raws 2 cents per pound. 

42 U. S. Dept. Agriculture. Yearbook of Agriculture, 1929, p. 881. 

, 2 Editorial Research Report, “The Tariff on Sugar,” Wash., D. C., April 17, 
929, p. 16. 

* Since the freight rate on raw sugar from Cuba to N. Y., where the bulk of 
the Cuban crop is sold, is around 14 cents per 100 pounds, the actual price re- 
ceived at the Cuban port when the quotation is 2 cents, C & F, New York, is 1.86 
cents. 
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The record crop of 5,160,000 tons, together with the unfavorable propa- 
ganda in the United States, finally forced the Cuban government to 
action. 

A syndicate was formed in New York for the purpose of pooling 
up to one million tons of the 1929 crop to be sold outside of the United 
States; 850,000 tons were subscribed for, and substantial sales were 
made to Europe. 

Delegates from Cuba were sent to the international conference of 
sugar producers at Brussels in July, where a plan was discussed of pool- 
ing the exportable surpluses in an effort to regulate the world sugar 
market. Representatives of Java were not present but were later invited 
to subscribe to the agreement, which they declined to do. Javanese pro- 
ducers pointed out that Cuba’s output was excessive and more than pro- 
portional. Furthermore, it was stated that since Java’s cost of pro- 
duction was lower than that of Cuba there could be little incentive for 
Javenese planters to restrict their crop.”* 

Colonel Tarafa, chairman of the National Sugar Defense Commis- 
sion, returned from his mission to Washington in July and reported to 
President Machado that a central selling agency for Cuba’s sugar was 
necessary for economic defense.2® After some discussion, the Cuban 
president signed a decree creating the Co-operative Export Agency on 
July 26, 1929. The directorate of this “Single Seller” agency numbered 
eighteen and was composed of both Cubans and Americans, President 
Machado being ez-officio chairman with voting power. The chief pur- 
pose of the organization was to control the sale of all sugar on the island 
and to stabilize marketing. 

Although during the first few months after its formation the Single 
Seller had secured an average price of 1.93 cents per pound on its 
United States sales and a price of 1.76 cents on sales to other countries, 
dissatisfaction with the agency was manifest at the beginning of 1930. 
The co-operative was then in the difficult position of disposing of all 
surplus stocks before marketing the current crop. 

Probably the greatest weakness of this agency was its inability to 
advance funds to the farmers and producers. In some instances the 
money necessary for storage purposes was not forthcoming.?® Conse- 
quently, the Single Seller became the subject of much dispute, and a 
meeting of stockholders was called. The motion in favor of its continu- 
ance was carried by a small majority. In a second meeting called by 
the president, a substantial majority voted for dissolution.?7 The period 


* International Review of fan (Rome), Jan., 1930, p. 15. 
2 The Cuba Review, Feb., 1930, p. 

* Facts About Sugar, March 29, 1930, . 300. 

7 The Annalist, April 18, 1930, p. 852 
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of activity on the part of the Co-operative Export Agency was one of 
such short duration that it is difficult to evaluate its achievements. 
‘There is considerable justification for the belief that prices would have 
been even lower had there been no centralized marketing. 


ProposaLts TO REMEDY THE SUGAR SITUATION 


Many proposals have been advanced for the rehabilitation of Cuba’s 
chief industry. The Economic Committee of the League of Nations has 
determined to leave the problem for the solution of the various nations 
concerned.** The league did suggest, however, that high tariff barriers 
against sugar be reduced. In view of the present protectionist policy of 
most of the important sugar consuming regions, it seems improbable that 
revisions of the sugar duties will be downward. 

From an engineering point of view, the opinion has been advanced 
that the most feasible solution is that of reducing the cost of sugar mill 
operations. According to one estimate, the cost of producing the last 
10 per cent of sugar from the cane is as high as the extraction of the 
first 85 per cent when computed in terms of horse-power. A lower ex- 
traction would mean less cane to fire the boilers, and this could be sold 
for the manufacture of pulp. It is claimed that good fibre-board for 
building purposes sells at least as high as the 10 per cent of sugar 
which would be lost by the reduced extraction.*® 

The Cuban government has been experimenting with disease-re- 
sisting and high-yield varieties, methods of cultivation, utilization of by- 
products, and other angles of attack on the problem. Recent experi- 
ments with irrigation have shown that despite the generally sufficient 
rainfall on the island, irrigation can greatly increase yields by provid- 
ing moisture more evenly during the growing season.*° 

These apparently laudable experiments meet with one difficulty. 
Means to increase the yield per acre have almost invariably resulted in 
greater total production, the very condition the government desired to 
alleviate. Thus, at first thought, it might seem that the policy of im- 
proving yields is inconsistent with crop limitation, but this is not neces- 
sarily the case. The ideal condition sought is that of limiting the crop 
by reducing the number of producers, while at the same time increasing 
their individual efficiency. 

The manufacture of molasses is being sponsored by the Cuban gov- 
ernment. The exports of this commodity to the United States in 1929 
amounted to 226,000,000 gallons, the largest quantity ever shipped 





% League of Nations. “Sugar: Report of the Economic Committee,” April 15, 
*® Barron’s, Feb. 17, 1930, p. 27. 

* The Cuba Review, Feb., 1930, p. 27. 
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abroad. The alcohol bill under consideration by the Cuban Senate 
would require that approximately 50 per cent of motor fuels be com- 
posed of industrial alcohol. Should the bill become a law, a decided im- 
petus would be given to the production of industrial alcohol from 
blackstrap molasses.** 

The Cuban planters have frequently urged the development of re- 
fineries on the island, arguing that Cuba could refine her sugar more 
cheaply than the United States. It is pointed out that many storage, 
handling, and shipping charges could be eliminated. The large invest- 
ment necessary to erect modern refineries has been a great deterrent. 
The years following the depression of 1920 and 1921 have witnessed a 
steady increase in Cuban refining. In 1929, approximately 265,000 tons 
of sugar were refined in Cuba, of which 50,000 tons were consumed 
locally and the remainder exported.*? 

Considerable discussion centers about the question of how the 
foreign consumption of Cuban sugar may be increased. Statements have 
been made to the effect that any amount of sugar at present conceivable 
could be sold if offered at sufficiently low prices. Recent investigations, 
however, seem to substantiate the long-accepted economic principle that 
the demand for staple commodities is relatively inelastic; that is, with 
a decrease in price there is a relatively small increase in the quantity 
demanded. Cuba’s inability in the past to sell surplus stocks at very 
reduced prices supports this conclusion. The studies of several econo- 
mists show that the demand for sugar in the United States and other 
countries with a high standard of living is rather inflexible.** 

Plans for increasing demand in regions where the present per 
capita consumption of sugar is very low also present difficulties. The 
demand in countries of the Far East is very unstable. Besides, there is 
always the competition of Java to consider. The European countries of 
low per capita consumption have high tariff barriers. Even China gives 
some evidence of adopting a protectionist policy.** 

Cuba is negotiating treaties and tariff reciprocities with various 
countries. Revision of the reciprocity treaty between Cuba and the 
United States has been widely discussed. The Cuban Department of 
State made one proposal for a gradually increasing preference on Cuban 
sugar until all duties be removed in return for placing certain American 
exports on the free list. The flood of protests that came from the 
United States beet sugar interests terminated further discussion.*® 


a1, Dept. Commerce. Commerce Reports, Feb. 17, 1930, p. 483. 
2, S Dept. Commerce. Commerce Reports, Feb. 17, 1930, p. 483. 
33 Journal of Farm Economics, Jan., ae p. 87 
* Chinese Economic Journal, Jan., 1930, % : * 
% The Tariff Review, April, 1929, p. 119. 
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GENERAL CONCLUSIONS 


Cuba’s unsatisfactory economic condition is not unique, but rather 
a more acute case of a general world depression in the sugar industry. 
The manifestations of this crisis and the degree of its intensity, it is 
true, are different in the various countries. In those regions where the 
industry is protected by high duties or by other measures and in those 
which are favored by exceptionally propitious natural and economic 
conditions, ruinous effects upon the industry and its associated agricul- 
ture may be avoided, but to some extent the consequences of the crisis 
are felt in every country where sugar is produced. 

The slight hope of an important international agreement to control 
production and stabilize prices has caused Cuba to seek the solution to 
its unfortunate economic status at home. Experience has shown the 
instability and danger of depending on one crop for national revenue. 
Much can be done to improve conditions within the sugar industry, yet 
that can be only one of many steps in a program of national economic 
reorganization. Diversification of agriculture, the development of manu- 
factures, the construction of highways, new financial programs and tax- 
ation policies—these are all phases of the greater problem of national 
stabilization. 
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PAPERS IN MEDICINE AND PUBLIC HEALTH 


EXTRACT FROM THE REPORT OF THE SECTION CHAIRMAN 


In addition to the papers submitted for publication, the program 
of this section included a paper on “Undulant Fever,” by Thomas G. 
Hull, State Department of Public Health, Springfield. 

The attendance at the section meeting was about 40. 

By vote of the members in attendance, John C. Frazier, of Bloom- 
ington, was elected chairman for the coming year. 


Water G. Barn, Chairman. 
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CORRELATING INSTRUCTION IN THE SCHOOL OF 
NURSING EDUCATION WITH THE FIRST TWO 
YEARS OF SCIENCE COLLEGE CURRICULUM 
BY 
Water G. Bain 
St. John’s Hospital, Springfield. 

From the history of the development of the nursing profession, we 
must conclude that schools of nursing education are of comparatively 
modern origin. Until the latter part of the nineteenth century, nurses 
were paid for their work, outright, with no thought of constructive 
teaching. Then someone conceived the novel idea of doing away with 
paid help. Under bait of the name “Training School,” ambitious girls 
were persuaded to give their time and energy for two or three years to 
work of the hospital, without compensation. The training consisted of 
twelve to twenty-four hours work a day, in exchange for three meals 
of the lowest food value, and for crowded, scarcely sanitary living 
quarters. At this time, nursing was almost the only profession open 
to women. 

Although the advertised entrance requirement was a certificate of 
high-school graduation, very few girls admitted to nursing training 
schools at that time had actually completed their high school work; very 
few, indeed, had done more than finish grammar school. Most of the 
early superintendents of nurses had little training and less education 
and were inclined to resent their students having an easier time than 
they themselves had had. As a rule, they were incapable of giving any 
great amount of instruction. The hospital staff hired them principally 
for their business ability and measured their efficiency by their ability 
to obtain maximum results from their employees with minimum ex- 
penditure of money. The superintendent who could maintain a hundred- 
bed hospital on a paying basis with thirty nurses and a dozen servants 
was considered a prize. Food, housing, and recreation time for the 
workers were not considered, nor was their advancement. 

Toward the close of the century, the field of women’s endeavors 
broadened to include nearly all the professions and trades, which hereto- 
fore had been closed to them. This outlet drained the source of supply 
of the nursing training schools. Girls found that they could command 
a living wage with shorter hours of work in almost any other occupation. 
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Nurses became indignant at their exploitation as cheap labor, and con- 
sequently recruits became more and more difficult to obtain. Nursing 
training schools were obliged to offer new inducements in the way of 
instruction and training. 

At this time, too, the cause of the nurse was taken up by people of 
prominence, some of whom had suffered under the old regime. A cam- 
paign was put on to show physicians that increased education of the 
nurse was of direct benefit to them, a fact heretofore overlooked. As a 
result of this awakened interest, a consideration of the nurse’s progress 
was, for the first time, taken into account. This was about 1900. 

Hospitals then began to shorten hours of duty, to delegate to 
servants the more arduous physical tasks of scrubbing, cleaning, and the 
like, and to give more or less systematic courses of instruction. The 
better class of institutions began to pay a small monthly sum to their 
nurses. Still, the work for which the hospital received money must be 
done. Hours were long, the work was hard. The nurses still did all the 
cleaning of patients’ rooms, except the scrubbing of the floors, and took 
care of the sick. After ten or twelve hours of this for seven days a week, 
even a strong and capable girl was often too tired to gain much from an 
evening lecture. The length of a nurse’s life was conceded to be about 
ten years after graduation, so great had been the physical strain put 
upon her in the hospital. However, the bettering of conditions had be- 
gun, and the dark picture in the history of nursing from the eighteenth 
to the nineteenth century changes. 

Requirement of high-school graduation was made a definite rule, 
since that was deemed necessary as a basis of further training. Super- 
intendents of nurses gave courses in ethics and nursing practice, and 
staff physicians were scheduled for lectures along their particular lines. 
However, since these lectures were entirely voluntary on the part of the 
busy physicians, very few of the courses conformed to any definite plan 
or accomplished any definite instruction. Even the best of the lectures 
were rarely more than freshman medical student lecture material and 
were not adapted to the needs of the nurse. 

The problem before the nurses training schools became that of find- 
ing a method of giving added education which would prove satisfactory 
to both nurses and hospitals. Many years of experimenting have resulted 
in two general opinions on the subject, recently summarized by Parnell. 

One opinion, held chiefly by private physicians, is that for ordi- 
nary nursing, graduates of schools of nursing education are overtrained 
and the service which these graduates render is too expensive, that a 
woman with brief training in bed-side routine would be as satisfactory 


1 Parnell, Modern Hospital 31: 120-122 (October) 1928. 
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as the average registered nurse. As a result of this feeling, persistent 
efforts have been made in certain quarters to break down the standards 
of the nursing profession. 

The other opinion, expressing a broader view and having in mind 
more keenly the advantages to the nurse, holds that for the care of per- 
sons suffering from serious and acute disease, the safety of the patient 
and the responsibility of the medical and nursing professions demand 
the maintenance of the standards of educational attainments now gen- 
erally accepted. 

Boards of registration are taking a view about mid-way between 
these extremes, requiring for registration, less preliminary training than 
the universities and, in many cases, less preliminary training than is 
recommended by the Nurses’ national association. 

The two attitudes toward nursing education have been upheld by 
two classes of hospitals. Some institutions are satisfied with fulfilling 
the minimum requirements of their respective state boards of registra- 
tion. Other institutions hold the second attitude toward nursing educa- 
tion, upholding the higher educational standards, and make it possible 
for the nurse to take the combined university-hospital course, where the 
university and hospital are affiliated. 

The tendency of the times toward specialization has manifested 
itself in the nursing profession. General nursing has broadened into 
several branches. One of the most important of these specializations is 
public health work, which requires special training as well as training 
in care of the sick. Affiliated college work is necessary in preparation 
for public health work. Though a comparatively new vocation, the de- 
mand for graduates in this field has always been greater than the supply. 
The same is true for the field of hospital administration and hospital 
science teaching. 

St. John’s Hospital of Springfield, Illinois, is an institution of 
about seven hundred beds and controls seventeen subordinate institutions 
with a total of about four thousand beds. The authorities of St. John’s 
Hospital early recognized the trend of nursing education and have taken 
every means in their power to promote higher standards. Owing to the 
location, this institution has not had the opportunity of getting daily 
contact or affiliation with an educational institution. They have been 
obliged, therefore, to work out their own solution. 

After much thought, those in charge of the educational work of 
the nurses of this institution, arrived at certain conclusions, which they 
felt should form a workable basis of meeting the new demands in nursing 
education. The most important conclusion was that practical nursing 
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training should not be sacrificed. They decided, as did Parnell, that the 
School of Nursing Education conducted by the hospital should definitely 
and distinctly be separated from the domination of the hospital; that it 
should be autonomous and should be administered by the faculty of the 


ANALYSIS OF INSTRUCTION PLAN FOR THE SCHOOL NURSING 


EDUCATION 
ST. JOHN’S HOSPITAL, SPRINGFIELD 
1930-1931 
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Subjects taught and time scheduled —— 
Physical training— 
2 hourly periods each week...........scccseces 240 
English— 
rr. II, both semesters, 2 hrs. recitation, 8 a. m.. 80 
BASIC SCIENCES 
Pharamaceutical botany and materia medica— 
Yr. I, 2nd sem. 1 hr. rec., 2 hrs. dem., 9-11 a. m. 60 
Invertebrate zoology— 
Yr. I, lst sem., 2 hrs. lect., 4 hrs. lab., 2-4 p. m. 30 
a zoology-—— 
Yr. I, 1st. sem., 2 hrs. lect., 4 hrs. lab., 2-4 p. m. 30 
A eae: — 
Yr. I, 1st. sem., 2 hrs. lect., 4 hrs. lab., 2-4 p. m. 60 
ae ology & Histology— 
Fr. 2nd. sem., 1 hr. lect., 2 hrs. dem., 1 p. m. 60 
Phy LS — 
Yr. I, 2nd. sem., 2 hrs. lect., 1 hr. rec., 3 p. m... 60 
Pathology -s 
Ze. 22h, Sad. som., 3 bre. tect... BP. Mi. cecccccss 40 
Bacteriology— 
Yr. lst. sem., 2 hrs. lect., 2 hrs. lab., 2-4 p. m. 60 
Personal ‘hy giene— 
Yr. 1st. sem., 2 hrs. lect., 2 hrs. lab., 2-4 p. m. 20 
Public sanitation— 
at. aae, ee Coen, 1 De. 2008, 8 Bi Mh vccvcasecss 20 
Physics, including solutions— 
Yr. 1st. sem., 2 hrs. lect., 1 hr. rec., 1 p. m... 60 
Chemistry, inorganic— 
Yr. I, 2nd. sem., 2 hrs. lect., 4 hrs. lab., 9-11 a. m. 120 
Chemistry, organic and physiological, including 
urinalysis— 
Yr. II, 1st. sem., 2 hrs. lect., 4 hrs. lab., 9-11 a. m. 120 
Psychology— 
er Bey ee, We. OS RPE. TO0,, EP Ghcvcccadiececs 60 
Ethics, general 
Tr. EX, ist. som., 3 bre. TOC., 3 Po Wee cccccssvves 30 
Ethics, special— 
oR Re ee ee Se ee rere 30 
Business ethics and profession: ul problems— 
Yr. Til, 2nd: sem., 1% hrs. rec., 8 p. M....c..e0s 30 
History of nursing— 
r. I, lst. sem., 144 hrs. lect., 1 p. m........... 30 
meee Beg 
et, Sud. sem., S tire. tect., 2 DP. Miwccccsecss 60 
Nutrition and cooking— 
Zr. 1, 2nd, som., 1 br. lect., 3 hre. dem.........% 60 


Occupational therapy— 
Yr. III, 2nd. sem., 1 hr. lect., 10 weeks, 2 p. m.. 10 
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School of Nursing Education. They recognized the value of the service 
rendered to the sick in the hospital by the nurses in training, and they 
determined the total number of hours of this service and set upon it a 
definite money value per hour. They decided that this money should be 
paid to the School of Nursing Education as a return for the service ren- 
dered to the sick in the hospital. This amount averages thirty-five cents 
per hour for the three years of the nurse’s training. The total amount 
thus earned by the nurse during her three years of education is within 
two hundred dollars of the actual cost of her board, housing, laundry, 
and education. The principle of self-education is thus definitely estab- 
lished for the nurse in her relations with St. John’s Hospital. 
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CAUSES, SYMPTOMS, AND TREATMENT OF DISEASE 
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~ a es BS Me MOG, BW Bisse ccccivics 20 
25. General medical diseases— 
© Zhe ee ay OO, Bae Be. Week. B Mi Me cc ccccecs 30 
= | 26. Communicable diseases— 
- 4 ze. Ei, 16%, Som, I be. Week, S Pi Whew... cc ceceen 20 7% 
1 27. Skin and venereal diseases— 
S ae Bee, SO. BO, 3 RR GE, 8 Bi Mic cee cscs 20 
Se, 28. Pediatrics— 
: Pe _Yr. Ill, lst. sem., 1% hr. lect., 5 p. m.......... 30 
29. 
. III, 1st. sem., Beh bm DOOEs GB Pk hc cc ceewccs 30 
30. General surgical ge 
Uae eee ae OOM, Bb Be, BOR, FS Gi. Whe occ ccccs 30 
> 31. Orthopedics— 
~ Yr. III, 1st. sem., 1 hr., 10 weeks, 4 p. m....... 10 
> J 32. Eye, ear, nose, and throat— 
s ) eae Bee, Bee. CO, EB NOSE, 8 Pe Ms ck s cstase 20 7% 
x | 33. Urology— 
| ae mee, Bk COU. 2 WOE. S Th Wik oc cc cctv 20 
| 34. Obstetrics and gy necology— 
\ Zhe Sey ae COU, & BK. OE: SB Mh. ns ccc weds 60 
¢ 35. Nursing and hospital etiquette— 
] Be Be Bae OO, Boe Bee POOR, € Me Mls ccc cccsses 30 
36. E ee nursing practice 
Yr. DOG GOR, 2 ROR. BOGE, 4 MMe cccicccuace 60 
37 Advanced nursing practice— 
43 re: Gee, © BO BORE, OW Wis dc iccccceccs 20 
| 38. Record writing— 
> Yr. I, 1st. sem., 1 hr. lect., 10 weeks, 5 p. m.... 10 
> | 389. Hospital housekeeping— 
& Yr. I, 1st. sem., 1 hr. lect., 10 weeks, 5 p. m..... 10 
3 40. Pringieies of massage 
oy ) , 2nd sem., 1 hr. lect., 10 weeks, 3 p. m... 10 12% 
e 41. Diet shaes ipy— 
> | Th. Fe 2d, com, 256 bre WWets € Be Mhiscccccces 30 
3 42. Infant feeding— 
& Yr. III, 1st. sem., %  % SS Severe 30 
& 43. Operating room SS  * 
‘Ble Bay Ea, G0, BB Week. S Gi Wi. cccciecccss 20 
} 44. Bandaging and first aid— 
, lst. sem., 1 hr. dem., 10 weeks, 5 p. m.... 10 
| 45. sine 
| Yr. IIT, lst. sem., 1 hr. lect., 10 weeks, 5 p. m... 10 
46. Case 
( Yr. I, 2nd. sem., 1 hr., 10 weeks, 9 a. m......... 10 
TOTALS, Lecture, Laboratory, and Demonstration. . 1,630 
io I er eer ey re err 240 
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The authorities of the hospital recognize the value to the student of 
having her nursing diploma as early as possible in her educational career, 
They realize that when the student has her diploma and state certificate 
of registration, she is in a most advantageous financial position to con- 
tinue her education in whatever direction her inclination and aptitude 
may direct. 











Nursing practice Months 
47. General medical department— 
im ee ER, APO SOs OEE, 2 MEBs i i ees cdedeeserdepes 7 
48. General surgical department— 
RS Se a Sky a og a Le eer errer sy pee e 7 
49. Infectious disease department— 
43 Ee) Pe Ee ere Tie ee ee ee re re eee ee Sr re 2 
50. Maternity hospital 
Ie ete alu chai g Fs nse awe ad Ow Cr wivble ada days Wee Wroiee yee 4 
51. Dressing room (1) men— 
I eMac gk ois ha. ac 0 le Sense ope hs Oe 1 
52. Dispensary and outpatient— 
OO eo A a rere a eee ee ae ee eee 1 
53. Specialists’ department— 
RN ee SO a EN oda 66s 6 eso ke VR RAS wae Se ae eee 1 
54. Dressing rocm (2) women 
I eo cd i Fs 16 4,00. 24144 ah Se w'e oR RSS S WIR eee O 1 
55. Diet kitehen— 
ee Rig Bale isis dso oS We vas ee ee Ea OOM e «Re alee wa ee 1 


56. X-ray and clinical laboratory— 
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57 ae disease hospital— 
I aR Sy 4a sb ald dw ob.0a wk PR ae wee ck Meee Swe ees 2 
58. Children’s hospital 
TI a Cafe ics ss Pak 6 wide 4 58'S CRAM ENE SEMEN ERGOT ae 3 
59. Operating room (major)— 
eC ee TID Big Flag ioc Cdia aa Ges AO lacpere blk GO wie mew pale etek Oe 2 
60. bien a 
yee SS) ee Ee 2 Ria a 0 06 5:0 06 ed eS eRe eee Oe Rae eee 2 








A careful analysis was made of the subjects required by the various 
state boards of registration of nurses, those recommended by the nurses’ 
organizations, those taught in the various hospital training schools, and 
in the schools of nursing education. A study of this analysis showed a 
similarity existing between certain groups of subjects taught in the 
schools of nursing education and the courses given in basie science in 
the college and university curriculum. A correlation of these subjects 
and courses has been attempted. The authorities of St. John’s Hospital 
think that by embodying, in these courses, material which is of greatest 
value to the nurse, nothing need be sacrificed in cultural value. 

If the courses are given in a coordinated and logical sequence, there 
will result a much more scientific grasp of fundamental principles than 
has been possible before. It has been deemed wise to add two courses in 
English. This correlation of subjects required in the School of Nursing 
Education of the hospital and the courses of the science college curric- 
ulum is set forth in the accompanying chart. 

It is the belief and hope of the authorities of our institution that 
the results obtained will be recognized as the equivalent of not less than 
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two years of college work. It is assumed, of course, that the character 
of the instruction will justify this belief and hope. When this recogni- 
tion is accorded this institution, a young woman, ambitious to secure a 
college education, can complete in three years, two years of her college 
course and also, by her service in the hospital, get nursing practice in 
every phase of hospital and bed-side experience to make her a high-class 
professional nurse. 

In this way, the School of Nursing Education of St. John’s Hospital 
aims to create a splendid opportunity for capable young women to acquire 
a profession which will enable them to either enter the practical field of 
nursing, or continue their university work with a view to going into 
professional fields, such as public health service, hospital administration, 
and teaching science. 
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STUDENT HEALTH CONDITIONS: A MIRROR OF 
CHILDHOOD ENVIRONMENT AND 
MEDICAL CARE 
BY 
J. Howarp BrEarp 


University of Illinois, Urbana. 
(Introduced by B. K. Richardson) 


Of one hundred pupils entering the first grade, seven will matricu- 
late in college and only two graduate from college. In view of this fact, 
any opinions concerning childhood environment and the medical care of 
pre-school, school, and adolescent children based upon the findings in 
the medical records of freshmen, rest upon the exceptional seven rather 
than upon the average ninety-three who never seek the advantages of an 
institution of higher learning. 

High-school graduates who arrive at college are on the average from 
eighteen to nineteen vears of age, have weathered twelve years in the 
elementary and secondary schools, and have passed through the greater 
part of the stress incidental to adolescence. They have undergone tests 
which not only magnify flaws of heredity, environment, and education, 
but have been potent factors of selection. They have also demonstrated 
a certain capacity to meet the demands of a complex civilization. 

They are forms which have set in the same moulds for eighteen 
years and rarely possess extraordinary possibilities of modification. 
Habit, physique, mental pattern, and character—the resultants of inherit- 
ance, surroundings, and training—are much nearer fixation when the 
high-school graduate applies for admission to college than is generally 
supposed. He is more a finished product to be polished than raw mate- 
rial with great potentialities of creation. Any observations, therefore, 
which may be made concerning registrants physically or mentally not 
only reflect their past but to a large degree suggest their future. 

The health status of students at registration is a five-fold index of 
childhood environment, medical care, and community intelligence: (1) 
it is a reflector of health knowledge; (2) it is an indicator of the ability 
of the public to use the well-established methods of disease prevention ; 
(3) their medical records are testimonials of the illnesses, injuries, and 
trends of the localities from which they come; (4) their mental attitudes 
are a revelation of their heredity and training at home and at school; 
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and (5) the presence of neglected defects and uncorrected subnormalities 
is evidence of the lack of knowledge of parents, and of the lost oppor- 
tunities of dentistry and medicine. 


HEALTH EDUCATION. 


The usefulness of knowledge and its claim of priority in application 
are dependent upon power to preserve the individual, to influence his 
development, to promote his efficiency, to protect him against fraud, and 
to create the social fruitfulness which is inseparable from progress. 

If we accept the dictum, “The proper study of mankind is man,” 
and that the great natural resources are human, it is axiomatic that 
education which gives tertiary significance to primary considerations, 
or which inadequately utilizes those concepts and techniques essential for 
most effective living, fails to meet its obligations either to the individual 
or to the state. 

Several years ago an investigation in four states by a teacher of 
biology in one of the high schools of Illinois revealed that 59 per cent of 
the high-school pupils did not know the mosquito was the only trans- 
mitter of malaria, 18 per cent believed in the specificity of the mad-stone 
in the prevention of rabies, 22 per cent that a horse hair in water would 
hecome a snake, ete. ‘lo determine the content of a course in hygiene 
for freshmen, a questionnaire as to the amount of physiology studied in 
high school showed only 24.6 per cent had taken this subject as a regular 
semester course. 

In certain high schools, English, mathematics, civics, and United 
States history are prescribed subjects. Some science is required, but 
physies, chemistry, or both may fulfill the requirement. Students are 
compelled to know dates, how to ascertain the value of x, how to avoid 
splitting the infinitive, and the age eligibility of senators; but whether 
they learn the laws of heredity, the structure and function of their 
bodies, and the conditions best suited to their existence, is left to the 
happy choice of adolescent inexperience. 

The health knowledge of high-school graduates indicates how active 
a leaven the local health organization has been in the body politic, is a 
commentary upon the utility of secondary education and the ability of 
school administrators to distinguish between decorative and fundamental 
information. It measures the rate at which the public derives benefit 
from scientific research purchased by taxation and philanthropy. It 
points to the type of moral and financial support which health admin- 
istration will receive in their home communities in its attempt to render 
service commensurate with scientific knowledge and public need. 
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According to Vincent, public-health authorities can prevent wholly 
or in part not more than 20 per cent of the diseases causing death and 
disablement. If his estimate approximates accuracy, the need of the 
education of the public in the principles of hygiene is both urgent and 
imperative, if people are not to “perish for want of knowledge.” Nothing 
stands out more prominently than the disparity between what science 
can do to promote human betterment and what the public uses to enrich 
life. Research merely gratifies intellectual curiosity, wastes time, and 
squanders wealth unless ultimately its application leads to progress. 
Biologically speaking, the more complex a civilization, the more its arti- 
ficiality and the greater its demands upon man for adjustment. Although 
more attention is being paid to the physical and social development of 
children, the number of the criminal, insane, delinquent, dependent, and 
mal-adjusted cause even the incorrigibly optimistic to look anxiously 
to the home, the school, and the church. 

If national stability and racial vigor are founded upon knowledge 
and its use, modern education has the tremendous problem of making 
performance commensurate with possibility in the promotion of per- 
sonal and social welfare. It also has the more difficult task of making 
its rate of constructive accomplishment so exceed that of deterioration 
that the number registered in institutions of higher learning will steadily 
increase over those detained in alms-houses, asylums, jails, and peniten- 
tiaries. At present, the slight numerical difference between public charges 
and candidates for academic degrees makes one wonder if the present 
status of society is not proof of social somnolence and if it is not an 
indictment of education’s appreciation of relative values. 


Hints FroM MeEpicaL Histories 


The medical record of a student is an index of the health adminis- 
tration in his community, of the progress medicine has made in his 
neighborhood, of the modernness of the school system in which he has 
been trained, of his. hereditary tendencies, and of the alertness of his 
parents in preserving his health. It reveals the nature of his environ- 
ment and the social and economic trends of his age. 


Nervous Instability 


Of the parents of the members of the Class of 1932 in the Univer- 
sity of Illinois, 7.5 per cent of the fathers and 9 per cent of the mothers 
had suffered what is connoted by the inclusive term, “nervous break- 
’ Of this group, a total of 49 students themselves gave a history 


down.’ 
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of having similar ailment before coming to college. During the year 
1928-29, 68 students were seen for the indefinite ailment, “nervousness.” 

This condition is usually indicative of neuropathic heredity, too 
strenuous life, or both. Not infrequently it is the result of the too early 
resumption of work after illness, improper methods of study, cumulative 
fatigue, unwarranted fear, or worry; rarely is it a true psychosis. 
Nervous instability is more common in women than men. It is due to 
more strain upon women from routine, from social demands, and from 
differences inherent in their nervous and endocrine systems. 

The student with a normal heredity from a happy home enters col- 
lege with few complexes and fewer unwholesome repressions. He makes 
his own adjustments without difficulty, keeps up with his class, gets 
along with his instructors, and usually plays his part in college with a 
fair degree of success. 

The problem student is generally home-made. Upon parents rest 
the greater part of the burden of making surroundings wholesome and 
training effective in developing well-rounded, socially useful lives. The 
mental atmosphere of the pre-school child is their creation. Habits are 
fixed most deeply in the mind in the plastic first five years of life. If 
the normal desires of the child for self-expression and self-satisfaction 
are reasonably gratified he develops facility in adjustment and coopera- 
tion. If they are suppressed, he acquires an inclination toward resistance 
and contrariness which may handicap him for life. 

In the home, the child may get tendencies to extreme dependence 
and behavior which destroy initiative and hamper him if not render him 
unable to make a courageous, aggressive attack upon his surroundings. 
Stanley Hall had in mind the evil fruit of parental indulgence when he 
declared, “Being an only child is a disease within itself.” 

Divided, unhappy homes, and divorced parents are often responsible 
for the maladjustment of the problem student. Faulty conflicts orig- 
inate in the association with a neurotic mother, a despotic father, or both. 
Undisciplined adults are a burden to themselves and a calamity to the 
child who lives with them. Unless mental hygiene includes parents and 
teachers, it vainly mops the floor without turning off the spigot. 


Injuries and Accidents 


The great gain in the reduction of illness and death from communi- 
cable disease is being lost through the rapid increase in disability and 
fatality from accidents. Injury is the chief cause of mortality in children 
between the ages of 5 and 15 years, 21.4 per cent of the deaths between 
these being due to accidents. Accidents cause more deaths of school 
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children than diphtheria, measles, scarlet fever, typhoid, and appendicitis 
combined. 

Between the ages of 5 and 15 years, 58.1 boys and 24.5 girls per 
100,000 are killed annually by accidents, the rate for motor vehicles 
alone being 22.3 for boys and 9.1 for girls. The other outstanding causes 
at this age are burns, drowning, fire-arms, and falls. Before matricula- 
tion in the university, 30 per cent of the men and 16 per cent of the 
women have suffered one or more painful injuries. 

The accident rate for female graduates of high schools is on the 
increase. As girls participate more and more in the games, occupations, 
and avocations of boys, their liability to injury rises. The risk in driving 
and being hit by an automobile shows no sex discrimination. What does 
it profit a people to save their children from death by vaccination, anti- 
toxin, sanitation, and quarantine, only to have them killed by accident ? 

Of the students entering college, on an average, 40 per cent have 
undergone operations. Of the entire student body, 32 per cent have had 
operations upon the head (in the main, tonsillectomy and adenoidect- 
omy), and 7 per cent have been in need of abdominal surgery, usually 
for appendicitis. The high incidence of the removal of tonsils and ade- 
noids is an indication of how parents will have radical treatment used 
for their children once they appreciate its need. 


Tuberculosis 


Tuberculosis is the most common disease in the family history of 
our students; one in fourteen has either a father or mother who has it 
or has had it. Where this disease has existed in parents, one in every 
twenty-five of the men has had tuberculosis of the bones, joints or lungs. 
Where it exists in the home, the risk to the daughters of the family 
seems to be several times that to the sons. This observation must be 
taken with reservation because it is based upon only 3,000 students. It 
does, however, indicate that even slight differences in the closeness of 
contact and the more sedentary life of girls than boys are reflected in 
the morbidity rates. These findings are not inconsistent with the mor- 
tality rates for the state. Although during the last decade the death rates 
have been higher for males than females, the decrease has been greater 
among the former than the latter. Tuberculosis is on the increase in 
girls in the ’teen age. In Illinois, the mortality rate of girls from 15 to 
19 years is 64 per cent higher than that of boys of the same age. 

This increase is also due to starving, style, and speed—which de- 
crease bodily resistance. Warned against stoutness by advertisements, 
inspired to become a sylph by paragraph and picture, and urged to reach 
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for a cigarette instead of a sweet, some girls take too little food for 
growth, tissue repair, activity, and warmth. Their insufficient clothing 
lowers bodily temperature, too much social activity saps vitality, and an 
obsession to be petite makes conditions favorable for the bacilli to multi- 
ply; tuberculosis develops and a once-healthy girl starts for the sana- 
torium. Disease is the bonus received when vigor and strength are 
exchanged for fads, fashion, and frolic. 


Communicable Disease 


The incidence of communicable disease in students before registra- 
tion shows the usual high rates for chickenpox, measles, mumps, and 
whooping cough. A greater percentage of the women than men have had 
diphtheria, measles, pneumonia, scarlet fever, and whooping cough. 
Mumps, smallpox, and typhoid fever have been slightly more common in 
men. For the five-year period under consideration, 4.3 per cent of the 
men and 5.1 per cent of the women had rheumatic fever, approximately 
a 25 per cent increase of the latter over the former. For the same time, 
17 per cent of the women had had tonsillitis, but only 7 per cent of 
the men. 

It is not clear whether this higher eceurrence of communicable 
disease and greater prevalence of sequelae in women are due to the less 
resistance of the female than the male, or to the fact that girls are likely 
to receive more exposure to disease when it occurs in the home than boys. 
Whatever the cause of their greater susceptibility, it means more infee- 
tions of the middle ear and more organic heart disease in women than 
men. 

Acquired heart disease in high-school graduates usually has its 
origin in rheumatic fever, chorea, tonsillitis, scarlet fever, and diph- 
theria; rarely in athletics per se. Occasionally, a heart is damaged by 
too strenuous activity, but generally the injury is associated with too 
early resumption of training in convalescence from infection. 

The stellar role in juvenile heart disease is played by rheumatic 
fever, ably supported by chorea and tonsillitis. Children with dental 
caries and those subject to repeated attacks of tonsillitis seem predis- 
posed to arthritis. Adenoids, diseased tonsils, and decayed teeth should 
receive prompt attention to prevent them from becoming portals of entry 
for bacteria causing damage to the heart. Parents should know that 
“growing pains” are usually rheumatic fever in disguise and that chil- 
dren with such svmptoms require constant medical supervision to give 
their hearts maximum protection. 
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With the exception of scarlet fever and diphtheria, high-school grad- 
uates from the country, whether men or women, have had 12.1 per cent 
more communicable disease than those from the city. Those from the 
city have had about 5 per cent more diphtheria and scarlet fever. How 
much of this difference represents greater susceptibility of one group 
than the other, how much better control of communicable diseases, and 
how much more efficient health administration, is conjectural. 

In the rural sections where opportunity for contact is less than in 
the city, the rates for the “dreaded diseases,” diphtheria and scarlet 
fever, are lower; those for supposedly “harmless,” chickenpox, measles, 
and mumps, are higher. When they come to college, students from the 
country are more susceptible to both of these diseases than their class- 
mates who live in town. The explanation of this difference may lie in 
the greater precaution taken in rural homes against the spread of infec- 
tions for which there is a wholesome fear. 


Tue Use or WELL-ESTABLISHED METHODS OF 
PREVENTION 


Diphtheria. smallpox, and typhoid fever are diseases whose means 
of prevention have obtained such a degree of efficiency that their pres- 
ence is proof of lack of information, prejudice, or procrastination of 
parents, the want of initiative and alertness of the family physician, and 
a social myopia which renders a community blind to economic loss, dis- 
ease, and death unaccompanied by flaming head-lines in the newspaper 
or a catastrophe. 

On matriculation, 8.1 per cent of the men and 9.6 per cent of the 
women have had diphtheria, which a Schick test and toxin-antitoxin 
would have prevented. These men and women have been needlessly sub- 
jected to a disease which has a predilection for the heart and is a factor 
in the high mortality rate of cardiac disease. Lest it be assumed diph- 
theria is near extinction, it should be noted that for the year 1930 a 
total of 2,911 cases had been recorded by the State Department of Health 
up to April 28. 

Smallpox showed an incidence of 4 per cent in the medical histories 
of the men and 3 per cent in those of the women. Of the former, 26 
per cent and of the latter 54 per cent were unvaccinated on registration. 
There should, therefore, be no surprise that 2,318 cases should occur in 
Illinois during the first seventeen weeks of 1930 nor that since the 
World War smallpox has cost Illinois enough money to build an eigh- 
teen-foot hard road from Danville to Quincy. 














Papers Presented in the Twenty-third Annual Meeting 531 


Only 16 per cent of the men and 5 per cent of the women, all in the 
ages in which the individual is most susceptible to typhoid fever, had 
been immunized against it. Of both groups, 4 per cent had had the 
disease and undergone the immediate and subsequent hazards associated 
with a serious illness of 4 to 6 weeks. 

The extent of the employment of tried methods of immunization is 
a test of the knowledge and character of the individual, the effectiveness 
of health administration, the initiative of the medical profession, and the 
ability of a democracy to use the results of the research for which it 
pays. 


PHYSICAL EXAMINATION 


The relative general development of men and women shows little 
variation. The former tend to be average; the latter, to extremes of 
thinness or stoutness. These trends are also found in children from 
nine to sixteen years of age and are apparently normal. About 3 per 
cent of the students have excellent development and approximately 5 
per cent are classified as having poor physiques. 

Only 41 per cent of the men and 60 per cent of the women had all 
their teeth, had no cavities, their gums were normal, and their teeth did 
not need cleaning. Of the women, 25 per cent and of the men 5 per 
cent had some enlargement of the thyroid. Of these men, 73 per cent 
had a slightly enlarged thyroid, 25 per cent moderate and 2 per cent 
marked hypertrophy. Of these women, 48 per cent showed slight simple 
goitre, 46 per cent moderate and 6 per cent marked. This struma was 
almost entirely due to adolescence and locality. This type is amendable 
to time and iodine. Organic heart disease was present in 3 per cent of 
the men and in 5 per cent of the women. 

Hernia is relatively rare in women, but one man in twenty-eight 
was found to have this abnormality. As this condition is curable by 
surgery, its presence indicates the failure of parents to appreciate its 
nature and its incurability in adults without operation. It may also 
point to failure of the family physician to advise radical treatment. 

Albuminuria is present in about 5 per cent of the students ex- 
amined ; about one-half of it is orthostatic and one-half persistent. The 
latter form is commonly associated with diseased tonsils, discharging 
ears, root abscesses or other focal infection, the removal of which often 
causes the condition to disappear. It also may indicate a kidney damaged 
by scarlet fever or other communicable disease. 

Of the men 35 per cent and of the women 42 per cent have had 
their tonsils removed; in 11 per cent of the former and 17 per cent of 








532 Transactions of the Illinois State Academy of Science 


the latter, they were diseased. Only 46 per cent of the men and 71 per 
cent of the women have normal eyes by the Snellen chart; 8 per cent 
of the men and 11 per cent of the women wear glasses. About 5 per 
cent of both men and women have structural curvature of the spine and 
a similar number, third degree flat foot. 

Physique is the product of heredity, nutrition, activity, health and 
environment. The individual can do nothing about his inheritance but 
the other factors are subject to modification by his parents and himself. 
When the skeleton, teeth, musculature, weight and posture show the 
marks of an unbalanced diet, uncorrected defects, lack of exercise and 
poor surroundings, the evidence is conclusive, medicine, economics, and 
education have failed in their duty to society. 

Never was an Elijah so needed to proclaim from a Mt. Carmel that 
bodily defects and unwholesome mental attitudes must be corrected in 
the first decade of life if corrections are to be more than compensation, 
substitution or an attempt at the impossible. Eyes which have passed 
through the turn-stile of astigmatism to myopia may be refracted but 
not cured. Hearing lost through otitis media is seldom found. Bridges 
may take the place of molars, but facial asymmetry persists. Corrective 
exercise may be invoked but a structural scoliosis and a rigid flat foot 
remain. The heart inadequately safe-guarded when the child had chorea, 
diphtheria, rheumatic fever or tonsillitis may be protected, but never 
restored. Kidneys and blood vessels damaged by communicable disease 
far too often end prematurely the careers of promising individuals at 
the height of their usefulness. 

Bodily defects must be corrected in their incipiency when childhood 
provides the plasticity and the recuperative power to make success pos- 
sible. Thought, action and habit must be given direction at a tendei 
age before reaction, mental attitude and character are fixed in unwhole- 
some or antisocial patterns. 

Truly, speaks the proverb old, 
With a meaning vast, 


“The mill cannot grind 
With the water that is past.” 
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SARLY DIAGNOSIS OF TUBERCULOSIS 
BY 
Rosrnson BoswortH 
Municipal Sanitorium, Rockford. 


(Introduced by B. K. Richardson) 


At the annual conference of Illinois Health Officers, which was held 
in Springfield on October 18, 1929, J. Howard Beard, M. D., University 
Health Officer, of Urbana, presented a paper on “Health in College Stu- 
dents,” containing much of interest and of great significance to those 
who are engaged in the special field of medicine pertaining to the tuber- 
culous and which we feel should probably be stressed before an audience 
largely made up of educators of the youth of our state and of neighbor- 
ing states. Dr. Beard stated that tuberculosis is the most common 
disease found in the family history of college students: that one in four- 
teen had either a tuberculous father or mother; that where parental 
tuberculosis was reported one male student among each twenty-five had 
shown symptoms of tuberculosis, while among female students the in- 
cidence was four or five times greater than among the male students. 
We wish to employ these interesting facts as our introduction to this 
paper on early diagnosis because it will necessitate a discussion relative 
to the symptomatology of tuberculosis in the several age groups. 

In any consideration regarding the early diagnosis of tuberculosis, 
the age of the individual must be given due consideration lest we be led 
astray in our deductions. In this connection it is well to review the sev- 
eral age groups presenting different inherent problems regarding diag- 
nosis. The groups are as follows: 

(1) Infants from birth to 1 or 2 years. 
(2) Children from 2 to 12 years. 

(3) Adolescents from 12 to 25 years. 
(4) Adults from 25 to 50 or 55 years. 
(5) Aged from 55 or 60 and beyond. 

Infection during the first and second years of life is usually a 
serious matter; it is commonly from a tuberculous parent to the infant, 
and the exposure is frequent and over a prolonged interval, weeks or 
months. The new-born, of course, lack opportunity for acquiring im- 
munity against tuberculosis; and when exposed to tuberculous infee- 
tion often, and probably massive, the resulting reaction is apt to be 
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generalized instead of localized as in later years. For this reason 
meningitis is common in tuberculous infants. The symptoms therefore 
are dependent upon the organs involved and the mode of onset. In those 
preceded by measles, etc., the symptoms of bronchial pneumonia or men- 
ingitis are uppermost. Where the development is slower, in spite of 
normal appetite, etc., the child does not thrive but loses weight, the - 
disease progresses rapidly, finally temperature rises, and septic or men- 
ingial symptoms antedate death. 

During childhood, from 2 to 12 years, the lymphatic system is over- 
developed, and infection which is acquired in quite a large percentage 
is usually filtered out by the lymph glands and thus localized. Statistics 
are quoted showing various percentages of total infected children at 
the age of 12 to 15 years, depending on whether children are rural or 
urban. One thing is sure—the number of infected children is vast com- 
pared to the number developing tuberculous morbidity. 

While it is true that tuberculous lesions at this age may be ac- 
companied by pronounced symptoms, it is also true that severe progres- 
sive lesions occur without symptoms. It may be said that pronounced 
symptoms indicate advanced and severe tuberculosis during this age 
of the individual. 

Permit me to defer the discussion of tuberculosis in adolescents 
until after we have finished with the adult group and tuberculosis of the 
aged. 

The great majority of those suffering from active pulmonary tuber- 
culosis are adults from 25 to 45 years of age. ‘Tuberculous lesions, ac- 
quired in earlier years and held in check by immunity stimulated by 
good health and lack of stress which accompanies the productive years 
of adult life, are now, for the first time perhaps, developed to such a 
point as to produce symptoms. The immunity in adult life produced 
by a more or less favorable experience with tuberculosis in early years, 
is partial only; and as the stress of life increases and debilitating ex- 
periences multiply, the break takes place and symptoms are produced. 
As stated by Lawrason Brown, “Pulmonary tuberculosis probably can 
always be diagnosed before the age of twenty.” The teaching for years 
has emphasized the importance of fatigue, indigestion, loss of weight, 
afternoon rise in temperature, rapid pulse, frequent colds and cough as 
pointing to early pulmonary tuberculosis, and that is correct in the 
adult group. 


Among the aged, from 60 years upward, tuberculosis is very apt to 
be mild in its characteristics. All the symptoms incident to the adult 
group may be present only in a milder form. The disease is more 

















Papers Presented in the Twenty-third Annual Meeting 535 


chronic and the symptoms are mainly those of a chronic bronchitis, un- 
der which diagnosis many are carried for years. 

The adolescent group, from 12 to 20 or a little over, is the one to 
which we may give special attention. As we have pointed out, the period 
from 2 to 12 years is the age of first infection and this is followed by 
localization of the infection, usually in the glandular system. The 
adolescent age, from 12 to 20, is the period of re-infection, or second in- 
fection, whether that be from within or from without. During this age 
period, nature apparently does not possess great power of healing tuber- 
culous lesions. Fibrous tissue with calcification rarely is found at post- 
mortems of individuals under 15 years of age, and there the lesions are 
progressive with very slight effort at healing. 

The symptoms of early tuberculosis during adolescence are very 
likely to be entirely lacking. The weight is normal or even above normal 
inmany. Strength is good or, at least, not poor, considering the absence 
of other collateral symptoms. Cough may be entirely absent. This is 
the age period referred to by Opie of the Phipps Institute, Philadelphia, 
where latent lesions among tuberculous contacts are common. Wide- 
spread progressive lesions may be discovered before symptoms appear 
during adolescence, if thorough examinations of the chest are made for 
check-up purposes or if routine chest examinations are made of tubercu- 
losis contacts. 

There are inherent difficulties to be overcome in making a diagnosis 
of early tuberculosis during adolescence, since physical signs noticeable 
upon examination of the chest by ordinary means are slight. difficult of 
interpretation, or even lacking. A positive tuberculin test tells us that 
a tuberculous lesion is present somewhere. An X-ray picture of the 
chest may disclose the lesion and indicate its gravity. 

My purpose in this discussion has been to call attention to the fol- 
lowing points: 

1. The presence of progressive tuberculous lesions in adolescent 
boys and girls—more among girls. 

2. The absence of symptoms pointing to the diagnosis until the 
lesions are advanced. 

3. The difficulty of diagnosis without tuberculin test and X-ray. 

4. The need for routine study of all adolescents with tuberculous 
parentage to prove absence or presence of tuberculosis, no matter how 
normal appearances may be, having in mind the possibility of the 
diagnosis of tuberculosis before the age of 20 is reached. 

5. The responsibilities of those whose calling in life place them in 
position to serve so fruitfully a multitude of the youth of our state. 











536 Transactions of the Illinois State Academy of Science 


LEGISLATIVE OBSTACLES IN OBTAINING ADEQUATE 
MEDICAL LAWS 
BY 
J. R. NEAL 
Chairman, Legislative Committee, Illinois State Medical Society. 


(Introduced by B. K. Richardson) 


In a small Quaker college located somewhere in the United States 
there is a student association which controls the athletic policies and 
activities of the institution. Conventional collegiate fraternities are pro- 
hibited from the campus, but there is a secret society which calls itself 
the “Rabbit Foot Club.” Out of a student body of more than 300, only 
20, or less than 7 per cent can be members at any one time. Members 
who graduate, however, can and do continue to exercise an influence over 
the club. 

This Rabbit Foot Club has dominated the athletic association of the 
college for six generations and it will probably continue to do so in- 
definitely. For every student. office that relates to athletics, that club 
nominates a candidate, works for him, and votes solidly for his election. 
For every proposed policy or activity subject to student control, that 
club chooses a definite plan and stands behind it to a man. 

Members of that club are a homogeneous group. Additions are ad- 
mitted only after the most deliberate and careful consideration. Each 
new member must possess qualities and attributes which harmonize and 
fit in with those of the group. 

The athletic association is made up of members from every class, 
every literary society, and every other student organization on the 
campus. Candidates for office are often brought forward by genuine 
well-wishers and also by reformers, malcontents, and others, but most of 
them fall by the wayside except those selected by the Rabbit Foot Club. 
New policies are advanced, changes of the by-laws are recommended, and 
reforms promoted, but nearly always everything not sponsored by the 
club dies in committee or gets lost in the election. A very few members 
of that student body usually control matters, because they know exactly 
what they want and go after it with a united front. 

In the world of affairs the Rabbit Foot Club at that Quaker college 
would be a lobby organization and the athletic association would be a 
state general assembly. The situation in that student body illustrates 
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how a small minority of the population, bound together by a common 
purpose and driven forward in unified strength by the overpowering 
motive of self-profit, is able to get statutes written upon the books when 
spokesmen for a far larger and infinitely more rational group often fail 
miserably to impress the lawmakers. A good illustration of applied 
lobbyism to legislative affairs is the present experiment in governmental 
agrarian relief, a project born in the minds of the lobby experts of the 
American Farm Bureau Federation, engineered on its initial trip to the 
Senate by the elder LaFollette through the now famous “Farm Bloc,” 
and finally converted from a plank in a party platform to a law of the 
land. Another example is the so-called “bonus” granted by the Federal 
government to veterans of the World War at the behest of the Ameri- 
can Legion. Advocates of neither of these measures constituted more 
than one per cent of the population, but solidarity of purpose and effort 
coupled with a divided and lethargic opposition led to legislative enact- 
ments which affect the whole people. Conflict of opinion and unsteady 
support of an adopted policy are mortal to the legislative ambitions of 
any organization which champions so controversial a subject as that of 
the healing art. 

The very nature of our form of government makes it impossible for 
significant proposed laws to find their way upon the statute books with- 
out powerful support. Take an average general assembly in Illinois, for 
example. Every two years various interests will seek to have enacted in- 
to law some 2,000 or 3,000 different measures. No less than 1,500 of these 
will be reduced to the form of bills and presented to the assembly. About 
500 will become laws. Manifestly, with an average mortality rate of 66 
per 100 bills introduced, there is small chance of survival for those which 
deal with such controversial subjects as the practice of medicine unless 
they show evidence of strong organized support. They die of inanition. 

There is a great diversity of opinion about medical matters among 
the profession and even more among the laity. Take the question of 
alcohol. Physicians of national repute have publicly expressed opinions 
favorable to the judicious use of that intoxicant, even aside from what 
might be called medical purposes. Others no less prominent violently 
oppose even the medicinal prescribing of aleohol. Again, outstanding 
members of the medical profession strongly favored the Sheppard- 
Towner Infancy and Maternity Act although the American Medical As- 
sociation vigorously opposed it and ultimately succeeded in defeating its 
continuity, at least for the time being. 

On the other side of the picture is that heterogeneous group known 
as the general assembly. Doubtless the legislature of Illinois provides a 
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fair sample of what these bodies are like from the standpoint of educa- 
tion and experience. Out of 204 members of a recent general assembly 
there were 63 lawyers, 24 farmers, 18 real-estate dealers, 10 merchants, 
8 insurance agents, 7 bankers, 6 newspaper editors, 6 teachers, 6 clerks, 
6 housewives, 5 professional politicians, 4 contractors, 4 doctors, 3 manu- 
facturers, 2 grain dealers, 2 oil dealers, 2 grocers, 2 stock raisers, 2 
laborers, 2 jewelers, 2 salesmen, 2 undertakers, 1 business man, 1 
machinist, 1 coal miner, 1 engineer, 1 linotype operator, 1 hotel man- 
ager, 1 painter, 1 druggist, 1 teamster, and 1 cigar maker. The others 
had no trade or profession worthy of recording. 

Furthermore, less than one-half of these assemblymen had more 
than a common school education. Doubtless the great majority of the 
membership were individuals of unusual resourcefulness in their com- 
munities, but only 83 had ever matriculated at a college or university, 
16 more had been in high school, while 105 had never gone beyond the 
common schools in pursuit of a conventional education. Nine of the 
group were born in foreign countries, while a larger number were re- 
moved from foreign birth by only a single generation. In religious faith 
the diversity was no less great than in occupation. 

In managing their health affairs a great many families resort to 
every kind of makeshift and subterfuge before calling upon a physician 
to provide the necessary service. The high death rate from diphtheria or 
appendicitis indicates a tendency to use the doctor as an aid of last 
resort. In Illinois a study of the records shows that a doctor was not 
called until the third or later day after onset in over 40 per cent of the 
reported cases of diphtheria. Thus the favorable time for giving anti- 
toxin had already passed. Likewise, appendicitis annually costs the lives 
of more than 1,200 individuals in Illinois, largely because in most cases 
someone involved has delayed resorting to the proper treatment. These 
are but two of many illustrations of long-delayed use of medical skill 
in connection with serious physical ailment. 

The foregoing analysis shows that a state general assembly is likely 
to be of the common people. It suggests likewise that the great mass of 
common people are apt to utilize the medical profession after all other 
sources of alleged relief have been exhausted. Is it to be supposed that 
membership in the general assembly will transform the nature, habits, 
and beliefs of individuals so that the legislature as a body will forth- 
with of its own volition or at the suggestion of some enterprising citizen 
enact laws that will repose in the orthodox medical profession the sole 
and exclusive responsibility of ministering to the sick and protecting the 
health of the well? 
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State legislators come from small political units. It is a very com- 
mon thing to hear the constituents of representative Doe are mostly 
Christian Scientists, that Senator Goodspeed has the support of the 
American Legion, that this one was elected on a dry plank and that one 
on a wet. Labor and dirt farmers send candidates to the Capitol, but 
seldom does one hear of a man being elected through support attributed 
chiefly to the medical profession. There is only one doctor per 700 citi- 
zens, and these are naturally divided in their political and frequently in 
their medical opinion. Thus the total number of medical voters in an 
average political unit is very small; but if the physicians—no matter 
how few—will cooperate, their influence will assert itself when the ques- 
tion of health is an issue. 

Politicians are well aware of this situation. Politicians have a sen- 
sitive ear for any wave length that carries the joyful music of votes. 
They sometimes tune in on independent stations, but it is usually for 
entertainment only, when the broadcaster is known to control a paucity 
of votes. 

Again, medical education is ultra-conservative. Individuals are 
taught to shun advertising and publicity as they would a bad name. 
The patient must inquire into the merits and ability of a doctor and 
search out his office to obtain what the physician has to sell. This situ- 
ation is contrary to almost every other phase of modern life. Even the 
churches have united in a vigorous advertising program. Every indus- 
trial and commercial enterprise teaches its personnel that the “go- 
getter” is the fellow who wins. Every cult and ’ism schools its pupils in 
the fine art of advertising upon which their very livelihood depends. 

Thus it appears that about 9914 per cent of the population 


get 
what they acquire by going after it with blasting horns, shouting from 
the housetops to announce the virtues of their wares. The legislators 
understand that method of doing things. When the public is a bit slow 
in making a “drive” for what it wants or what politicians decide is good 
for it, the politician goes out and organizes a demonstration to prove to 
the world that there is a demand for what he wishes to do. I have known 
a governor to direct the organization of one booster club after another 
which bore down upon the Capitol in specially chartered trains with 
banners flying and bands ablast to wait upon the governor in order to 
persuade him to build a hard road where he wished to build it. 

That situation creates a very large obstacle in the way of securing 
adequate medical legislation. As a general rule, doctors are individual- 
ists, and ultra-conservative at that. It took over 50 years for the medical 
profession in Illinois to get the first permanent medical practice act upon 
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the statute books of this state, although numerous attempts to that end 
were made during the intervening half-century. Even in the Territorial 
days of 1817 a law creating a medical society which should be its own 
judge and jury and providing for the registration of vital statistics was 
enacted but its life was brief. Two years later, in 1819, another some- 
what similar law found birth but likewise perished in infancy, and the 
same fate overtook a third law which was passed in 1825. Subsequent 
attempts never succeeded in materializing into even a temporary statute 
until 1877, when upon one of those rare occasions the state medical 
society got solidly behind a program and brought it successfully through 
the general assembly. That law created a state board of health which 
kept alive the interest in the medical law from that time forward. 

Appreciating these difficulties and profiting by the history of medi- 
cal legislation in Illinois, the State Medical Society has manifested an 
unusual vigor and aptitude in legislative matters. Due largely to a 
handful of deeply interested leaders, a very definite legislative program 
has been planned, and the society has been united in its support. As a 
result Illinois is now one of the very few states which maintains a single 
board to supervise the licensure of practitioners. In 30 other states and 
the District of Columbia there are separate examining boards for 
chiropractors and other cults. The single-board plan makes possible the 
maintenance of the highest possible standards under any existing legis- 
lative requirements, while the multiple-board system tends to lower the 
standards under the most exacting legal specifications. 

It is not surprising that the legislatures in the several states find 
themselves in a dilemma when attempting to arrive at the proper solu- 
tion of this very perplexing problem, since it is quite obvious that, with- 
out the proper advice, it would be impossible for them to create a medi- 
cal law which would be the best safeguard for the citizens of the state. 

We observe that a considerable number of the states are adopting 
the so-called “basic science” law, which we believe is fundamentally 
wrong. But we do see the necessity for such measures in those states 
which, through their own error, have allowed a multiplicity of con- 
flicting laws to be enacted, with the necessary number of separate boards 
to administer them. The “basic science” law is so adopted as a means to 
an end, for it is not debatable that the licensing of any profession 
should be supervised by others than members of that profession. 'To 
think that the “basic science” law under which laymen are the super- 
visors and the examiners solves the problem, is as unreasonable as to 
expect the legal profession to permit a committee of architects or en- 
gineers to examine lawyers; and yet there are many physicians who, 
without carefully studying the so-called “basic science” law, subscribe 
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to its efficacy. This again is another legislative obstacle in the many 
states where there is a controversy always existing between the cultists 
and the regular school. There are quite a few well-thinking members of 
the Illinois general assembly who believe that such a law should be en- 
acted in this state. 

We believe that the average member of the legislature is earnestly 
endeavoring to give support to the enactment of the proper and neces- 
sary laws, but undoubtedly propaganda from any well-organized group 
will have its influence. The anti-vivisectionists are extremely active 
throughout the United States at this time. They come into the legis- 
lative halls with their sympathetic half-truths, and paint a picture which 
is most difficult to correct after a false impression has once been formed 
in the minds of the legislators. 

It is our belief that the blame should not be laid at the door of the 
legislator in the majority of cases, but is distinctly a responsibility of 
the medical profession, which through apathy has permitted a condi- 
tion to be created which tends toward the lowering of educational re- 
quirements regarding those who are seeking the privilege of treating 
human ailments. A restricted medical-practice act which has to deal 
with the lower educational requirements of the cultists is not the ideal, 
but is far superior to a dual act and separate examining boards. Physi- 
cians, even in their own organization, at times fail to take cognizance 
of the fact that the legislature is a highly impressionable body; and 
despite the fact that the best safeguard for the people would be a single 
standard for all who seek the privilege of treating the sick, the attitude 
of organized medicine is frequently misunderstood in legislative bodies. 
The unwillingness of the physician to debate the merits of any suggested 
drugless therapy and to discuss the situation impartially with the law- 
maker, tends to create a doubt in the legislator’s mind as to the physi- 
cian’s contention, and the cult exploiter, of course, takes advantage of 
a situation of this kind to his profit. It is a well-known fact that a con- 
siderable number of intelligent people, including legislators, do at times 
seek the services of the cultists for minor ailments; and the physician 
does not show the tolerance and the effort to explain to his lawmaker 

patient the unfounded claims of the drugless healers, but all too fre- 
quently speaks lightly or in a vitriolic way regarding their shortcomings. 
This is contrary to the manner in which a banker speaks to the physi- 
cian after his ascertaining that a physician’s stock investment was un- 
wisely placed with a resultant loss. The banker is tolerant and willing 
to advise the physician and show him how to avoid the pitfall; but the 
reverse is not always true when the banker makes an error in placing his 
faith in some patent nostrum or is enticed into the hands of an incom- 
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petent drugless healer. Our observations would lead us to believe, there- 
fore, that the apathy of the medical profession is largely responsible for 
the many incompetent laws, and that many physicians do not acquaint 
themselves with the very law under which they themselves are permitted 
to practice the healing art. 

Probably the greatest success in legislative matters that the cultists 
have had is the “personal liberty” argument. Since it frequently goes 
unchallenged by the medical man it has borne fruit in the legislative 
halls for the cultists, and Supreme Court decisions have even indicated 
that there is some merit to their claims upon this basis. Mr. Harry 
Eugene Kelly, of the Chicago bar, who wrote the present Illinois medi- 
cal law, in a recent paper regarding the “personal liberty” element 
which is played up so successfully by the cultists, says in part: 

“The state should not seek, and, so far as I know, never has sought in 
any way, to limit a person in his choice of a physician from practitioners 
legally determined by it to be familiar with diseases, competent to make 
scientific diagnosis on which to base treatment, and informed generally on 
the various curative agents. The state should see that the public shall not 
be imposed upon by persons who lay claim to knowledge of diseases and 
the laws of health which they do not possess. It should prevent the perpe- 
tration of the kind of dangerous fraud which not only costs the public its 
money but inflicts on men, women, and children sorrow, pain, and death, 
and which spreads disease among the people. 

“The first thing to do in every state is to procure an act of the legisla- 
ture that will reflect wisdom and justice. The endeavors of all persons who 
are interested in progress along these lines should be directed toward in- 
ducing legislatures to understand the fundamental principles of the subject- 
matter involved, and to pass the laws that recognize those principles and 
give public officers, including the courts, power to enforce decency and pro- 
ficlency in the profession of healing the sick. Such regulation must be done 
through the state governments; for the United States government has sub- 
stantially no original control over this occupation.” 

There is still another obstacle in the way of securing adequate 
medical legislation. It is the very modernness of the present standards 
and scientific requirements of a well-qualified practitioner. The medical 
profession travels in the van of sociological betterment. The politician 
may trail ten or fifteen years behind public opinion. When a popular 
attitude or custom finds expression upon the statute books it probably 
has already become conventional practice among a very large block of 
the population. In seeking medical legislation the organized profession 
looks into the future and attempts to build solidly. Lawmakers examine 
the present and feel the popular pulse for its reaction to any proposed 
change. Thus the medical profession finds its very efficiency and im- 
provement an impediment in bringing about the legal safeguards that 
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P would result in the elimination of widespread abuse in the field of the 
r healing art. 

The success with which the Illinois Medical Society has carried out 
its legislative program in recent years, causing the defeat of several 
hundred bills which it deemed obnoxious and the enactment of a fairly 


S satisfactory medical practice act in 1923, suggests that a well-organized 
8 legislative program, with sufficient resources to keep the profession at 
e large informed and active in behalf of that program, is one means of 
1 meeting obstacles under present conditions. Ultimate solution depends 
y upon general education of the public along medical lines. This can be 
: facilitated in no better way than by medical organizations and public 
t health agencies conferring and working together in close harmony of 


purpose and plan. If a state health department and a state medical 
n society were to go to the legislature with divergent programs, that would 
8 be an invitation for defeat to any comprehensive medical legal code. 
4 Long ago Abraham Lincoln immortalized the biblical admonition that 
a house divided against itself cannot stand, and today no other expres- 
, sion can set forth more fully the reasons why legislators have not listened 
more attentively to the suggestion and advice of the medical profession. 
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ELEVEN YEARS EXPERIENCE WITH TOXIN- 
ANTITOXIN 
BY 
JOHN NICHOLS 


Health Director, Mooseheart. 


(Introduced by B. K. Richardson) 


It is our purpose in this article to report the practical clinical re- 
sults of our attempt to prevent the incidence of diphtheria over a period 
of half a decade. The theories of purely scientific interest developed in 
the research laboratory of yesterday have been subjected to the test of 
actual clinical experience. Gradually have the uncertainties so long 
dominating and obscuring an intelligent comprehension of the subject 
been cleared away; mistakes explained; and hypotheses established as 
proven facts. The older textbooks told us how to treat many diseases ; 
the modern textbooks tell us how to prevent these diseases. 

An institution offers an exceptional field for the practice of pre- 
ventive medicine. An opportunity is presented to study large groups of 
children of all ages over a prolonged period of time, to examine the 
children at periodical intervals, and to keep a detailed health record 
and history through constant medical supervision. The practical 
clinical results of immunization against diphtheria are of considerable 
statistical value since the children are housed in large groups, contacts 
and exposures to contagious diseases being more pronounced than in 
the small family group. Moreover, some institutions are the mecca for 
thousands of visitors annually, and cases of contagious diseases develop- 
ing among institutional children can be traced to visitors who have, 
perhaps innocently, transmitted the disease. 

Mooseheart is one of the large homes and schools for children. For 
several years prior to 1919, diphtheria had been almost constantly pres- 
ent, at times epidemic in form. All the accepted scientific methods of 
the time were employed to prevent the spread of the disease. When a 
case of diphtheria developed in one of the cottages, the case was removed 
and isolated, the children in the hall quarantined and given prophylactic 
doses of antitoxin. Another case would develop in one of the other 
cottages and the same program of attempted prevention would be re- 
peated. A varying number of cottages were constantly under quarantine, 
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with all the difficulties and troubles which a quarantine incurred. There 
seemed no solution for the problem. 
During 1919, eleven years ago, the entire student body, consisting 


at that time of approximately 600 children, were immunized with three 


loses of toxin-antitoxin. Since that time, every child has been im- 
munized immediately after admission to Mooseheart without Schicking. 
During the past eleven years, the institution has grown numerically to 
1,300 children, exclusive of a large number of students who have an- 
nually left Mooseheart following graduation or demission. 

More than 2,400 children have been immunized and there has been 
but one case of diphtheria among the immunized children. On Jan- 
uary 19, 1927, a four and one-half year old boy, who had been immunized 
three years previously, died of laryngeal diphtheria. A careful examina- 
tion of the student body after this case developed failed to disclose an- 
other case of clinical diphtheria. Then 140 throat cultures were taken 
from those who had been in close contact with this active case, and two 
small boys, living in the same cottage, were found to be diphtheria car- 
riers with no active symptoms of the disease. A few days of isolation 
and treatment were sufficient to produce two negative cultures. 

Four other cases of diphtheria among non-immunized persons have 
developed sporadically at different times during the past eleven years. 
In 1920, a small boy, whom we overlooked when immunizing the student 
body, developed the disease. During the same year, another boy with 
large tonsils contracted the disease a few days after he was immunized 
and before sufficient time had elapsed for immunity to be established. 
During February, 1923, two non-immunized adults, employed in cottages 
containing about 30 children each, developed diphtheria at different 
times. They were isolated, but the cottages were not quarantined and 
no prophylactic measures were employed for the boys directly exposed. 

This clinical experience at Mooseheart during the past eleven 
years with five known cases of diphtheria which developed at different 
times, coming in direct contact with an innumerable number of im- 
munized children without a single case of the disease developing, demon- 
strates the unquestionable value and efficiency of immunization as a 
preventive of diphtheria. We are furthermore confronted by the con- 
stant menace of the diphtheria carrier, that unknown, unsuspected 
person, who is frequently the cause of sporadic cases of diphtheria. 


Scuick TEsts 
Schick tests have been given at Mooseheart on three different 


occasions. Immediately prior to the general immunization in 1919, 
—16AS 
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the entire student body, consisting of 639 children, was Schicked. The 
result of this test was: negative, 371, or 58 per cent; and positive, 268, 
or 42 per cent; the later being divided as follows: 1 plus, 129, or 20.18 
per cent; 2 plus, 59, or 9.23 per cent; 3 plus, 48, or 7.51 percent; and 
4 plus, 32, or 5 per cent. The positive Schicks included several students 
who were known to have had diphtheria. However, the results of this 
test were totally disregarded and all the students given three doses of 
toxin-antitoxin. The Schick test was not given after immunization. 

After the death of the Mooseheart boy from diphtheria in January, 
1927, the entire institution was again Schicked. The total number 
tested was 1,234, of which 504, or 40.84 per cent, were negative; and 
730, or 59.16 per cent, were positive; the later divided into groups as 
follows: I plus, 333, or 26.99 per cent; 2 plus, 395, or 32.01 per cent; 
and 3 plus, 2 or 0.16 per cent. The result of this test was astonishing 
when the entire student body was considered immune, all of them having 
been immunized from one to eight years previously. Questioning this 
result as conclusive, some of the Schick material was submitted to the 
State Department of Health for testing, and the report was received 
that the test solution was considerably stronger than the requirements 
of the standard solution. 

However, the 2 and 3 plus positive Schicks, 397 in all, were im- 
munized, the I plus positive being considered negative. For this im- 
munization, the State Department supplied us with the Canadian prod- 
uct, toxoid, two doses of 1 ¢. ¢. each to be given one month apart. Un- 
fortunately a sufficient amount of toxoid was not furnished and we were 
required to supplement with 1/10 L plus toxin-antitoxin, 230 students 
receiving two doses of toxoid and 167 receiving one dose of toxoid and 
two doses of toxin-antitoxin. 

Five months later, this reimmunized group of 397 students was 
again Schicked. All were negative except three who had received one 
dose of toxoid and two doses of toxin-antitoxin. These three were later 
given three doses of toxin-antitoxin without subsequent Schicking. 

While the results of the Schick tests can not be considered reliable, 
we made some general deductions, without reducing the tabulations to 
a percentage basis, as follows: 

1. The ratio of the positives to the negatives, immunized during 
the various years, was practically the same. In other words, the same 
ratio prevailed for those immunized during 1919, 1922, 1925, and every 
other year, and approximated the percentage in the general result. 

2. The ratio of positives to the negative immunized with 3 L plus 
and 1/10 L plus toxin-antitoxin was practically the same. The 3 L plus 
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toxin-antitoxin was used exclusively prior to 1924, and the 1/10 L plus 
subsequently. 

3. The age of the child when immunized has no effect wpon the 
susceptibility. 


IMMUNIZATIONS AND REACTIONS 


Prior to 1924, 3 L plus toxin-antitoxin was used exclusively. This 
produced a marked local reaction in practically all cases, while a large 
percentage had a varying degree of constitutional symptoms, manifested 
by headache, nausea, some urticaria, and a temperature which rendered 
some of them bedfast from one to three days. 

Since 1924, 1/10 L plus toxin-antitoxin has been used, with a de- 
cided reduction in both local and general symptoms. The Canadian 
product, administered in the immunization of 1927, produced a local 
and general reaction more severe in most cases than the 3 L plus toxin- 
antitoxin. This marked reaction can be avoided, however, if the children 
are first tested for toxoid reactors, and toxin-antitoxin administered to 
those who react instead of toxoid. However, no unfavorable complica- 
tions developed from any of the immunizations. 

During the past one and one-half years, the 1/10 L plus toxin- 
antitoxin has been supplied with goat serum as the medium, and the 
local and general reactions have been negligible. Horse serum was 
previously employed exclusively, and we are of the opinion that a 
greater part of the severe local and general reactions were due to horse 
serum hypersensitiveness. 


CONCLUSIONS 


From these eleven years experience with toxin-antitoxin at Moose- 
heart, we have drawn the following conclusions: 

1. From a clinical standpoint, the administration of toxin-anti- 
toxin has immunized our children against diphtheria when all other 
methods of preventing the disease had failed. Toxin-antitoxin does 
immunize, as evidenced by the direct exposure of our children to active 
cases of diphtheria without contracting the disease. 

2. The Schick test, as ordinarily done with commercial material, 
is not an infallible test for susceptibility to diphtheria; for on the one 
hand the instability of the preparation results in deterioration and nega- 
tive reactions in those actually susceptible, and on the other hand the 
lack of proper standardization in some instances may result in the use 
of material so strong as to give positive reactions in those actually 
immune. 
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3. A media skin-test control should always be given in conjunction 
with the Schick test. Our experience has shown that our students react 
to a serum or protein injection. A Schick may easily be considered posi- 
tive when, in the absence of a control, it is in reality nothing more than 
a reaction to the medium. 

4. Immunization with toxin-antitoxin should be done on every 
child without preliminary Schicking. 

5. Schicking may be done six months after immunization. How- 
ever, Mooseheart experience with large groups has shown that one series 
of toxin-antitoxin administration has been sufficient to practically elim- 
inate diphtheria from the institution. Furthermore, statistics show that 
eighty-five per cent of the children in public schools are rendered im- 
mune with one series of toxin-antitoxin administration. 
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5 

d 

PAPERS IN PSYCHOLOGY AND EDUCATION 

. EXTRACT FROM THE REPORT OF THE SECTION CHAIRMAN 

t In addition to the papers submitted for publication, the following 


were on the program of the Section in Psychology and Education : 

“An Analysis of Factors Determining Certain Test Scores,” by 
Herbert Woodrow, University of Illinois, Urbana. 

“Experimentation as a Technique in Educational Research,” by 
Max D. Engelhart, University of Illinois, Urbana. 

“The Elements of Difficulty in the Interpretation of Concrete Prob- 
lems in Arithmetic,” by L. L. Hydle, Knox College, Galesburg. 

“A Proposed Basis for the Integration of the Liberal Arts Cur- 
riculum,” by L. R. Marston, Greenville College, Greenville. 

“The Dependence of Educational Theory and Practice Upon Animal 
Psychology,” by Coleman R. Griffith, University of Illinois, Urbana. 

The attendance at the meeting was about forty. The chairman for 
the next meeting is E. F. Potthoff, University of Illinois, Urbana. 


CoLEMAN R. GrirritH, Chairman 
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ALGEBRA AND THE LOW L. Q. 
BY 
E. H. CAMERON 


University of Illinois, Urbana. 


One of the most difficult as well as most important problems con- 
fronting those interested in education is that of knowing what is the 
wisest treatment to give any individual pupil at each stage as he pro- 
gresses from grade to grade through the elementary school, high school, 
and college. It would appear that there must be a stage for every indi- 
vidual. pupil after which further continuance at school ceases to be 
profitable either for himself or society. But the profits of education are 
so intangible, and our means of estimating results so imperfect, that it 
is impossible in the present state of our knowledge of the subject to 
determine when a given course of study will be profitable for any given 
individual pupil. 

It is not surprising that under these circumstances we should find 
that the educational world is divided into two opposing camps concern- 
ing the philosophical basis for determining how much formal education 
should be given to our young people in relation to this supposed intel- 
lectual ability. On the one hand, we have such statements as those of 
Dewey who says: 

“How much one pupil differs from another in intelligence is none of the 
teacher’s business. It is irrelevant to his work.” 

On the other hand, we have the point of view expressed by Tait: 

“All this conversation about education reconstructing the universe of 
human nature, as a result of sending youths to school and college in ever- 
increasing numbers, requires some considerable revision. A great proportion 
of these receive no education and less training. The time, money, and energy 
spent upon them is so much waste, and it is no small wonder that education 
is costing so much, and too much.” 

The tremendously increased attendance in high schools and colleges 
in recent years has undoubtedly aggravated conditions. Everywhere, we 
find high-school teachers complaining that there are too many pupils 
going on to high-school work who should never have entered high school, 
and college and university professors are constantly lamenting the fact 
that so much time and energy have to be devoted to students who by 
the very nature of things cannot profit from higher education. 


D. Tait, McGill uv ne “Education as Selective,” School and Society, 
XXX ‘April 19, 1930. p. 
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Thorndike has estimated that “if we set the median intellect as the 
minimum able to profit by the study of algebra,” then 95 per cent of the 
high-school population of 1890 was able to profit by this study, but the 
increase in attendance between 1890 and 1918 was so great that at this 
later date only 83 per cent of the pupils would profit by the study of 
algebra if the same criterion were taken. Since the high-school popula- 
tion has approximately doubled since 1918 it is probable that on the 
same basis not more than 75 per cent of high-school pupils profit by the 
study of algebra. Of course, the assumption that an average intellect is 
the intellect that can profit from such study cannot be demonstrated, 
but high-school teachers unquestionably conscientious and devoted to their 
calling are in increasing numbers throwing up their hands in distress 
at what they term the total impossibility of doing anything worth while 
for a large percentage of their pupils in their study of traditional 
subjects. 

It would be a step, though a very short one, toward the solution of 
this problem if we could say with more definiteness just how much of 
a given subject matter of instruction is fairly mastered by a given grade 
of intellect. It was this thought that led me to engage in a little study 
of this matter in the Champaign High School in relation to the study of 
algebra. But the usual method of class procedure is not well adapted to 
answering the question raised. A passing grade of the ordinary sort 
reveals very little as to how much of a given subject a student has 
learned. 

Accordingly, with the cooperation of Mr. Allison, the principal, and 
Miss Bamberger, the teacher, those pupils who after a month’s work in 
algebra were apparently failing were placed in a class by themselves and 
taught by the individual method and allowed to progress at their own 
rate. It is entirely possible under such circumstances to determine some- 
what definitely how much a given pupil can accomplish in a given length 
of time. 

This special class of pupils in algebra enrolled thirty members. At 
the present date it numbers fifteen. Five have withdrawn from school 
entirely, and ten have withdrawn from the study of algebra, preferring 
to drop this subject and spend their time in the attempt to pass their 
other subjects. Of the remaining fifteen, three have finished in the course 
of a year about the equivalent of a semester’s work, and none of the 
others have attained enough facility in the relatively mechanical processes 
of addition, subtraction, multiplication, and division to say that these 
processes have been mastered. Three are working at page 23 of the text- 
book, which covers merely the introduction. Standardized tests on the 
fundamental processes in algebra confirm the truth of this diagnosis. 








552 Transactions of the Illinois State Academy of Science 


As was stated earlier, it was hoped as a result of this study that it 
might be possible to relate the amount and proficiency of the work done 
to the I.Q. of these pupils, so that there might be some evidence that a 
certain grade of intellect might be expected to attain such or such a 
degree of proficiency in algebra in the course of a year’s instruction. 

Much to my surprise, the 1.Q.’s of these pupils show very little 
relationship to the degree of accomplishment. At the beginning of the 
year, Miss Bamberger made the statement that these pupils could do the 
work if they tried. The intelligence tests and achievements tests given 
to this special class and to a class taught by the same teacher show that 
she was fundamentally correct in her diagnosis of the situation. For 
practically every I.Q. in the division each member of which is utterly 
failing there can be found an I.Q. in the division taught by the same 
teacher each member of which is succeeding. It is true that the mem- 
bers of the successful division with the very highest I.Q.’s in general 
stand highest in the achievement tests. It is also true that the pupils 
in the unsuccessful division with the lowest I.Q.’s have made in general 
the least progress. But the range of I.Q. in the successful division is 
from 90 to 119, while that in the failing division is from 82 to 114. 
The median 1.Q. for the suecesses is 108 and for the failures 104. For 
all but the two lowest I.Q.’s in the failing division can be found a pupil 
in the succeeding division with the same I.Q. In general, it may be 
said that so far as the pupils included in this study are concerned the 
cause of failure must be regarded as low P.Q. (Perseverance Quotient) 
rather than low I.Q. How typical the conditions are which are -repre- 
sented amongst the small number of students reported in this study is 
impossible to say, but it seems clear that for this particular group of 
fifteen students the study of algebra has not been profitable. So low a 
degree of proficiency as they have attained in the manipulation of alge- 
braic symbols in the course of a year has not been profitable for them- 
selves or anybody else concerned in the matter, and at least for them 
the difficulty standing in the way of relatively successful attainment is 
not so much lack of adequate intelligence as of lack of something that 
for want of a better name may be called perseverance. 


What conditions the schools may create to arouse in such pupils 
a proper attitude toward the work of the school is an interesting ques- 
tion, the answer of which I shall not attempt. Undoubtedly, every indi- 
vidual represented in this group represents a unique case requiring a 
particular remedial treatment. In my opinion the possibility of chang- 
ing the Perseverance Quotient is neither more hopeful nor more hopeless 
than that of changing the I.Q. Perhaps some of you have read that 
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somewhat remarkable book, “Four Square,” by John R. Oliver, in which 
he says: 
“When I began my work in the courts as a baliff psychiatrist, it was the 


hey-day of mental tests. No case report was complete without a carefully 
estimated intelligence coefficient.” 


After telling of his experience of these tests in relation to court 
work, he goes on to say: 
“And that brings me back to one of the fundamental results of my own 


court experience, namely, that every case of delinquency is an individual 
case and must be approached from an individual standpoint.” 


The easy way out of the difficulties that confront the schools in 
relation to such pupils as this report has described is their elimination 
from school. For various reasons, this easy method is not feasible under 
present social conditions. In the first place, it is true that, notwith- 
standing the severe criticisms to which our educational procedures and 
organization are being continually subjected, Americans generally have 
a deep faith in the value and efficiency of education, and continue to 
send their young people to school for longer and longer periods. In the 
second place, the American public in general is so well off financially 
that young people are no longer required to enter financially gainful 
pursuits at as early an age as formerly. The desirability of thus post- 
poning the entrance of our youth upon independent economic careers is 
made more emphatic by the increasing span of life of the older genera- 
tion and the consequent longer periods of productive work on the part 
of this class of our citizens. It is, therefore, not surprising that there 
are few signs that the schools will be relieved from the pressure of num- 
bers for some time to come. If we are to accommodate ourselves to such 
conditions, we must provide for the skillful study of individual cases, 
and for remedial treatment; and if this is done it seems safe to say that 
there will be a large percentage of our high-school pupils who will not 
be required to take algebra. 
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THE RELATIONSHIP BETWEEN PHYSICAL 
EXERCISE AND LEARNING ABILITY 
BY 
STEPHEN MAXWELL CorREY 
University of Illinois, Urbana. 

In view of the great emphasis placed upon physical exercise, 
especially in connection with the regular school program, it is timely 
that a study be made of the effect of this type of activity upon some 
of the higher mental functions. Comparisons of the grades of athletes 
and non-athletes have thrown little light upon the problem. Ryan’ 
examined thirty-three publications in which the grades of athletes and 
non-athletes from forty-four institutions were compared, and he could 
come to no conclusion. Too many factors other than physical exercise 
affect the grades made by various students. It involves too much stretch 
of the imagination to infer differences in learning ability from differ- 
ence in grades. In the face of this apparent inadequacy of grade 
analyses, an experimental attack upon the problem seemed most promis- 
ing, and because of the extreme difficulty of maintaining adequately 
controlled conditions when using humans, white rats were selected as 
subjects. 

The purpose of the investigation was two-fold, viz., (1) to ascer- 
tain the effect of various periods of compulsory exercise upon the ability 
of the white rat to learn, and (2) to ascertain the effect of various 
periods of forced exercise upon the ability of animal subjects to retain 
or remember the behavior patterns that they have learned. 


SUBJECTS AND APPARATUS. 


The 260 subjects used were select Wistar albino rats, weaned at one 
month, and placed under experimental conditions at sixty days of age. 
They were handled by the experimenter only, fed a varied diet, and 
throughout the study seemed to be in the best of health. 

The exercise was imposed by the use of a wire cage, electrically 
driven at a rate which required each animal to run 4,500 feet per hour. 
As this drum was made in four compartments, each of which could 
accommodate two rats, it was possible to exercise eight subjects at once. 
The rats’ learning ability was tested by having them solve an eight cul- 





1RYAN, W. C. The Literature of American School and College Athletics. Car- 


negie Foundation for the Advancement of Teaching Bull. No. 24, 1929, p. p. xxix. 
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de-sac, elevated maze, similar to those used by Miles,’ Vincent,* and 
Turner.* The runways of this maze were three centimeters in width 
and without walls. All of the turns were right angles, and each cul-de- 
sac was 24 centimeters long. The length of the correct pathway was 
240 centimeters. Reliability coefficients of well over 0.85 indicated that 
the maze measured “something” with a high degree of accuracy.° This 
> we have called learning ability. 


“ 


“something” 


PRELIMINARY STUDIES 


Before the major. problem could be attacked, it was necessary to 
investigate the relationship between maze-learning ability and the three 
factors: sex,® hunger, and initial ability.*. The first minor experiment 
concerned itself with a comparison of the ability of male and female 
white rats to learn the maze. Females in one litter were compared to 
males in the same litter, conditions other than sex being kept as con- 
stant as it was possible to have them. Notwithstanding these precau- 
tions, the female subjects learned to solve the maze much more rapidly 
than did the males. These results tend to vitiate the conclusions of those 
comparative experiments wherein no precautions were taken to place an 
equal number of males and females in the control and experimental 
groups. 

The second minor study was an attempt to determine the effect of 
inter-litter correlations in maze-learning ability upon experimental re- 
sults. In other words, do some rat families have a certain average level 
of learning ability about which all members tend to group themselves, 
and which may be greater or less than that possessed by other families ? 

This proved to be true. Even though the subjects were from highly 
inbred Wistar stock, there was distinct evidence of family resemblances 
with respect to maze-learning ability. Brothers and sisters showed a 
decided tendency to group themselves about a family average. As Hub- 
bert,* Burlingame and Stone,® Bagg,’® Tolman," and others have shown, 





2?MiLes, W. R. The Narrow Path Elevated Maze for Studying Rats. Proc. 
Soc. Exper. Biol. and Med., 1927, 14, pp. 454ff. 

8 VINCENT, S. B. Function of the Vibrissae in the Behavior of the White Rat. 
Behav. Monog., 1912, No. 5. 

*TurNeER, C. H. Behavior of the Common Roach on an Open Maze. Biol. Buill., 
1913, 25, pp. 348-361. 

5 Corey, S. M. The Reliability of the Elevated Skeleton Maze. Amer. J. 
Psychol., July, 1930, 42, 439-442. 

®CorEY. S. M. Sex Differences in the Maze Learning of White Rats. J. Comp. 
Psychol., 1930, 10, 333-338. 

*CorEY. S. M Eoauating Groups in Comparative Experiments. J/. Comp. 
Psychol., 1930, 10, 287-294. 

‘Huppert, H. B. The Effect of Age upon Habit Formation in the White Rat. 
Behav. Monog., 1913-15, No. 11. 

® BURLINGAME, M., and STONE, C. P. Family Resemblances in the Maze Learn- 
ing of White Rats. 27th Yrbk. Nat. Soc. Sci. Study Educ., Part 1, 1927, pp. 89-99. 

” Baca, H. Individual Differences and Family Relationships in Animal Be- 
havior. Arch. Psychol., 1920, No. 43. 

1 ToLMAN, E. C. Inheritance of Maze Ability in Rats. J. Comp. Psychol., 1924, 
No. 4, pp. 1-18. 
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some litters are distinctly superior to others. These findings call into 
question all previous comparative studies wherein no attempt has been 
made to guarantee equal initial ability in experimental and control 
groups. Positive results might be due, not to the experimental condi- 
tions imposed, but to differences in learning ability which existed before 
the experiment was started. 

The third preliminary study verified the work of Holden,'* Wash- 
burn,’* Moss,’* Stone,’® and others in establishing a positive relation- 
ship between hunger and speed of learning. Some subjects were kept 
in a constant state of inanition during the training period, and their 
maze-learning performance was significantly better than that of a con- 
trol group trained at the same time. It seems that inequalities in 
motivation have caused many conclusions to be drawn that are invalid. 
This is as true in studies of human learning as it is in the case of 
animals. 

The preliminary experiments sufficed to call attention to the fol- 
lowing considerations: (1) extreme care should be exercised lest the 
experimental and control groups have unequal initial ability, and (2) 
every attempt should be made to have the motivation equally strong 
for the control and experimental groups. Fas 


IXXPERIMENTAL ‘TECHNIQUE 


With these precautions in mind the study proper was begun. Three 
different experimental groups of thirty-one subjects each were used. 
These are called the I-, I1I-, and V-hour groups, respectively, the Roman 
numerals representing the number of hours of exercise imposed daily. 
Each experimental group had its own control of equal size, and com- 
posed of rats from the same litters and of the same proportion of males 
and females. In this manner the two groups were of as nearly the same 
initial ability as it was possible to have them. 

Attempting to guarantee equal motivation in the control and ex- 
perimental groups involved numerous difficulties. The following tech- 
niques were finally adopted : 

(a) The control and experimental animals were fed the same 
amount of the same kind of food. This was necessarily so because in 
each nest cage there was one litter, including an equal number of control 
and exercised animals. 

122 HOLDEN, F. A. Study of the Effects of Starvation on Behavior by Means of 
the Obstruction Method. Comp. Psychol. Monog., 1926, No. 17. 

18 WASHBURN, M. F. Hunger and Speed of Running as Factors in Maze Learn- 
te Bs gag Se gear teeny’ bo pha a ig | a J. Exper. Psychol., 1924, No. 7, 


pp. 165-185. , 
15 STONE, C. P. in THORNDIKE, E. L. Adult Learning. p. 142. 
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(b) No food was placed in the nest cage until the exercised sub- 
jects had been removed from the rotating cage and put with the control 
half of the litter. Hence all subjects began feeding at the same time. 

(c) The food was removed from the nest cage four hours prior 
to maze running. Both the control and exercised groups experienced 
an equal period of deprivation from food before being placed on the 
maze. 

(d) The daily order of procedure for the exercised subjects was: 
(1) testing on the maze, (2) exercise in the rotating drum, and (3) feed- 
ing. This was done in order that the unusual effect of the exercise might 
be as far removed in time as possible from the maze running. 

During experimentation each subject was given five trials on the 
maze per day. The norm of mastery was five consecutive errorless runs. 
Speed of learning was judged in light of the following four criteria: 
(1) number of errors made, (2) number of trials required, (3) total 
number of seconds spent on the maze, and (4) total number of seconds 
spent actually running the maze, and called “active time.” 

Fourteen days after the maze was learned it was relearned. The 
exercise ceased for the experimental animals with the day on which the 
subject finished his fifth consecutive errorless run. The criteria for 
speed of relearning were the same as those for learning. 

After the data were all in, each exercised group was compared with 
its control with respect to the following particulars: (1) learning 
scores in terms of errors, time, trials, and active time; (2) variability of 
learning scores; (3) location of errors; (4) number of errors repeated on 
any one day; (5) number and location of retracements; (6) speed of 
relearning as measured by the four criteria mentioned above; and (7) 
correlation between learning and relearning scores. 

This list seems to exhaust the possibilities wherein the two groups 
might differ in such a way as to indicate unequal learning performances. 
They are compared with respect to the speed and quality of their learn- 
ing. In all comparisons, the measure of central tendency was a mean, 
and of variability, a standard deviation. The significance of any dif- 
ference between scores made by the exercised and control groups was 

judged by using the standard error of the difference. If the difference 
were three times its standard error it was considered to be statistically 
significant. 


CONCLUSIONS 


1. Judging the ability of the exercised and control subjects by 
their error, trial, time, and active time learning scores, it appeared that 
(a) in a majority of instances the exercised subjects were superior, 
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(b) in no instance was the difference between the performance of 
exercised and control subjects statistically significant, amd (c) the 
superiority of the exercised animals did not increase consistently with 
increased exercise. 

2. With respect to variability of learning scores it appeared that 
(a) the learning scores of the exercised subjects were insignificantly less 
variable, and (b) there was no constant tendency for the variability to 
decrease regularly as the exercise was increased. 

3. The difference in the percentage of errors made on any one 
cul-de-sac by exercised and control subjects was negligible. 

4. Qne group was as apt to repeat its errors on the same day as 
was the other. 

5. There was no significant difference between the groups with 
respect to the number of retracements made while learning the maze. 

6. There was no significant difference between the control and 
exercised subjects with respect to the location of the retracements made 
while learning the maze. 

7. There was no significant difference between the two groups 
with respect to the error, time, active time, and trial scores made while 
relearning the maze. 

8. No consistent and significant difference in the relationship be- 
tween learning and relearning scores was noticeable for the two groups. 


IMPLICATIONS OF THE STUDY 


This study was an attempt to attack a problem in human learning 
by a preliminary experimental analysis of animal behavior. Such an 
approach is neither new or unjustified. The most completely stated 
theories of learning have sprung from researches on infra-human sub- 
jects. Thorndike, Watson, Washburn, and Kohler have had success in 
applying to human behavior the principles discovered or verified while 
working with animals. This problem was particularly susceptible to 
inferential exploration. It was an attempt to ascertain the effect of 
forced exercise upon kinesthetic learning. Little defense is needed for 
the statement that higher vertebrates stand in close proximity to each 
other with respect to physiological functioning. It is well known that 
drugs which affect the nervous system of man in a particular manner 
have a similar effect upon many of the higher vertebrates. This is true 
of strychnine, and alcohol. It seems reasonable, therefore, that factors 
which affect the muscular learning of the white rat would affect the 
kinesthetic learning of man in much the same way. And inversely, if 
compulsory physical exercise has no significant effect upon the maze- 
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learning ability of the white rat, it will probably not affect the muscular 
learning of man. 


The latter of these two possibilities seems to be true. 


It is some- 
what startling that the strenuous exercise imposed on the five-hour 


group (approximately five miles of running per day) did not affect the 
ability of the experimental subjects to learn the maze. It appears that 
forced exercise, apart from hunger, bears no relationship to the learning 
ability of the sixty-day-old albino rat, no matter on what basis one seeks 
for a difference in performance. It is suggestive then, at least, that 
physical exercise, apart from the relationship which it may bear to 
motivation, would have no noticeable effect upon the muscular learning 
of man. 
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DIAGNOSTIC VALUE OF REACTION TIME TESTS 
IN THE ATHLETIC COACHING SCHOOL 
BY 
MINNIE GIESECKE 
University of Illinois, Urbana. 


(Introduced by Coleman R. Griffith) 


Reaction time test results, secured through the testing of several 
hundred general coaching school students and athletes during the years 
1925 to 1929, have been examined to determine whether or not any re- 
lationship exists between athletic achievement and speed of reaction. 

Athletic achievement was determined on a basis of membership on 
teams and squads, and it was found that the scores of the individuals 
who could be designated as athletes on this basis were scattered through- 
out the range of the distributions, except where the reactions were ex- 
tremely slow. There was, therefore, no correlation between athletic 
achievement and speed of reaction time. Some good athletes showed 
relatively slow reaction time, while some non-athletes were found to be 
among the fastest reactors. In other words, while no successful athletes 
were to be found among the extremely slow reactors, other factors than 
reaction time must be of such importance to athletic ability that a man 
who is not unusually fast in reaction can still be a successful athlete, 
while a man who has the advantage of being a fast reactor may be un- 
successful as an athlete if he lacks the other necessary qualities. 

In making the investigation described, however, it was found that 
the distribution curves showed a tendency toward normal distribution in 
about 90% of the cases, the remaining 10% causing an extension at the 
slow end of the curve. This tendency occurred with such frequency that 
an investigation of the factors responsible for it was undertaken. 

It was found that complex reaction tests showed a greater tendency 
to give this unusual distribution than did the simple reaction tests, 
while curves based on data other than reaction time test results, 1. e., 
tapping test scores and academic averages, did not show this peculiar 
extension at the poor end which characterized the reaction test scores. 
Diagrams 1 and 2 show typical distributions for the simple and complex 
reaction time test scores for coaching school freshmen. These diagrams 
are based on records for the year 1926-27. 
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It had already been determined that no successful athletes were to 
be found among the individuals whose scores made up these extreme 
parts of the reaction time curves, and investigation of the scholastic 
records of these persons gave the following facts: 

In 1925-26 the total number of Coaching School Freshmen tested 
was 80. The number scoring 310 sigma or above was 16, or 20% of the 
total. Of these 16 cases, 10, or 62%, were eliminated (55% of the 
entire group): 1 was dismissed for using assumed name and false 
credits; 3 were dropped for poor work; and 6 withdrew, of whom 2 
were on probation at one time or another. The remaining 6, or 37%, 
continued through four years, 4 graduating: 2 with academic averages 
slightly above median; and 2 with academic averages slightly below 
median. 
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In 1926-27 the total number of Coaching School Freshmen tested 
was 105. The number scoring 300 sigma or above was 8, or 7% of the 
total. None of these 8 remained through four years, all being elimin- 
ated. One was dropped (unsatisfactory grades) ; and 7 withdrew: 1 re- 
entered in General Education, graduating 1930; and 3 were on proba- 
tion at one time or another. 

On the basis of these results it was recommended that similar tests 
be given to the Coaching School freshmen in October, 1929, with the 
idea in mind that if curves constructed from these tests scores should 
show the same abnormality which characterized those of 1925-26 and 
1926-27, some effort should be made to advise with the individuals whose 
scores fall in the abnormally low area of the distribution, to determine 
whether or not assistance could be given them to bring about better 
adjustment. 
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The tests were given to 120 students, and the distribution of the 
complex reaction time records was similar to those of the preceding 
groups. Eight, or 6% of the total number, scored 260 sigma or above. 
No action, however, was taken in the matter of personal consultations, 
and the records at the end of the first semester showed no athletic 
achievement on the part of these 8 individuals. As for scholastic achieve- 
ment, 5, or 62%, have withdrawn; and 3, or 38%, remain with schol- 
astic averages of 2.80, 3.06, and 3.28. The median scholastic average for 
the 120 tested was 3.02. 

It seems reasonable to conclude, therefore, that although reaction 
time tests are not diagnostic of either athletic or scholastic success, the 
records indicate possibility of predicting non-success, if elimination may 
be considered the criterion. 
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AN ANALYSIS OF RESPONSES MADE IN FOUR 
NARROW MENTAL FUNCTIONS INVOLVED 
IN THE COMPUTATION OF FRACTIONS 
BY 
Marion CLEVELAND Hayes. 

Northern Illinois State Teachers’ College, DeKalb. 

This investigation is a study of the abilities or attainments of school 
children as measured by 35 pages of fractions covering every skill ac- 
cording to the extensive Knight-Ruch-Luse analysis of the same. This 
analysis includes 167 different skills in fractions and is an intensive and 
extensive sampling of the fraction field. Pupils in grades five, six, seven, 
and eight of the 46 grade schools of the city of DesMoines were used in 
this experiment. The 35 pages of fractions contained 590 problems from 
the simplest to the most complex, and the total number of pupil at- 
tempts was 264,000. 

The aims of this study in its entirety were: first, to ascertain how 
accurately the first teaching of fractions has been done in all the frae- 
tion skills and how much of an increase is made in acquiring these 
skills as the children progress through the grades; second, to determine 
what types of errors children make in the four processes in fractions ; 
and, third, to explain why these different types of errors are made in 
the light of what is taught in the different textbooks analyzed. The 
writer will devote most of this paper to the second problem, despite the 
fact that nine textbooks were carefully analyzed with regard to the 
number of problems in each process and skill and the degrees of efficiency 
in the different processes were extensively analyzed for the different 
grades. 

sefore the study of type errors was attempted, a very careful study 
was made to ascertain if possible every kind of error that children make 
in doing fraction problems. The writer and his assistants, after charting 
errors for several months, became familiar with all the errors made by 
the children investigated in this field. Charts were made showing every 
possible error that a child could make and the number of the page 
where each error was made. From comparisons of these the type errors 
were then charted. It was found that from 16 to 22 errors were made 
in each of the four fraction processes. Before a process was attacked the 
writer and his assistants carefully discussed the type errors in that 
process to eliminate the personal element as much as possible. Table I is 
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a summary of the type errors of greatest frequency grade by grade and 


the average percentage for each. 


TABLE I 


PERCENTAGES OF TYPE ERRORS OF GREATEST FREQUENCY IN 


THE COMPUTATION OF FRACTIONS BY SCHOOL CHILDREN 


ADDITION 














Grade— 5 6 7 8 Average 
Common denominator ................ 36.2 26.1 24.8 24.8 28.1 
EAE ERD RT Fah Merry to 23.0 28.4 29.1 21.2 25.0 
RE SS arene ee ey aera 24.4 31.4 1.3 35.5 31.0 

TORRE WOTOOMUEED ois oc ccaw ewes 83.9 85.9 85.2 81.5 84.1 
SUBTRACTION 

Grade— 5 6 7 8 Average 
I 2 oe ois 5p bh yp arbor Sis Bik aisles 24.0 23.4 28.0 25.2 24.9 
RMI, os ce k's wie waleia deere es 20.5 15.3 12.4 8.6 15.1 
IID nv woicc éciens cs cuwec vedere 19.9 19.2 17.6 20.5 19.2 
IU theta cts hates Ss LS iy ch va enaias 10.3 17.6 18.7 21.0 16.2 
Common denominator ................ 12.6 13.5 11.7 13.7 12.8 

gi 87.3 89.0 88.4 89.0 88.2 
DIVISION 

Grade— 5 6 ‘4 8 Average 
DN) SS a Cg he oe be ei ee 25.9 28.5 $2.< 39.6 31.6 
I SS TEE Sis isc oa SY nines dxcbalely 40.3 42.1 43.5 35.3 40.4 
nT ee eee rere e 9.7 8.4 8.0 6.5 8.1 
AE Aa ar eee a ee 4.9 3.5 2.0 3.0 3.2 
IN 5)516-c ROWS o's ces 3-90 6h are ear 5.9 8.6 7.4 7.1 7.4 

TOCRI POTOOMIARE 26 occ cc cccescacs 86.7 91.1 93.2 91.6 90.7 
MULTIPLICATION 

Grade— 5 6 7 8 Average 
SMI as op ocak a faiealp dials wlan cme 55.3 49.2 56.0 47.6 52.1 
TN ss ows cewasecassseeeee 13.7 20.3 13.2 19.8 16.3 
NEN os ws Blain cca cd ace iz3 13.8 16.7 16.2 15.8 
ES ECP ETT EEE 3.6 5.0 4.5 5.5 4.6 

Ee re 87.8 88.5 90.4 89.1 88.8 


The rank correlations, for each process on the type errors, grade 
against grade, are given in Table II. The correlation is much lower than 
it should be in addition and subtraction because of the nature of the 
problems and because the cards 25 to 35 are short in the fifth grade. 
The type errors made in the fifth grade are correlated against the total 
type errors of the sixth, seventh, and eighth grades; and the total type 
errors of the sixth, seventh, and eighth grades against totals of the fifth, 
sixth, seventh, and eighth grades because of this shortage in the fifth 


grade. The correlations are shown in Table IT. 
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Taste II 


CORRELATIONS 
Grades Subtr. Add. Mult. Div. 
Oe Siocon ot boii vs ane oka Uae aeons .707 803 823 917 
OOS baled cbr ee aataks bd nae hs ee ee .756 .697 .842 .889 
GA sede vines caw cae ns pushed cad canbe been 730 727 871 871 
oe EC Pe Pee Sy eer ete eee .908 775 908 .973 
Pe eee eee re eee PPP ee ero .900 oloe -945 .936 
GO teh Dire a aeks 6k wack CR CN eee ae .927 .880 936 -945 
SS re ee errr er rer re tr .775 .756 905 917 
Se rie ae, a, Oe nen os Kaede wecetcecesee .973 .954 -982 991 


The rank correlations for eight of the fraction cards containing 
problems in the four processes were worked out on the basis of the ex- 
amples right, grade by grade, and are given in Table ITI. 


TABLE III 


CORRELATIONS 

Card 5-6 5-7 5-8 6-7 6-8 7-8 
pee reer 8 945 860 .936 870 917 .973 
eo 12 .954 .908 .927 .908 889 .840 
Multiplication ........ 20 .973 .973 .936 .982 945 945 
Ms oo okie eekewcen 21 954 .954 936 991 917 .936 
Le PORT CORE CE 24 .954 .908 .954 .945 -945 .926 
} RRA a ee 25 954 889 823 945 .900 .964 
DE. os Re cemee awe 27 852 .927 .889 .908 .964 .954 
eer mee 31 .918 852 .789 .964 880 .936 


The writer does not maintain that there would be such a high cor- 
relation on the cards containing problems of equal difficulty. In fact the 
cards which contained fractions with the greatest number of fraction 
skills and the widest range of difficulty were deliberately chosen to show 
that there was a relatively high correlation between the difficulty of the 
different problems grade by grade or, in other words, that the hardest 
problems in one grade were, generally speaking, the hardest problems in 
every other grade. 


SUMMARY AND RECOMMENDATION* 


1. The commonest errors are made in the fundamental fraction 
skills. This must be due to the fact that the amount of practice given 
in the textbooks is not sufficient to over-learn these necessary bonds. 

2. These basic fraction skills, such as reduction, the common 
denominator, borrowing, and so forth, are evidently not emphasized suf- 
ficiently in the textbooks ; furthermore there is little provision made for 
any sort of maintenance program. 








* This summary covers the entire study and not merely the points suggested 
in this paper. 
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3. There is a wide variation of practice in all the textbooks ana- 
lyzed concerning the amount of time to be spent on the different pro- 
cesses and the different fraction skills. 

4. There seems to be little consistency of effort to the formation 
and maintenance of the bonds which will make for proficiency in frac- 
tions. 

5. The improvement that children make through the grades seems 
to be more the result of good teaching and fraction drives than of the 
material provided in the textbooks. 

6. Fractions could be made much easier for the average child if 
we would teach the specific bonds which the child should use and no 
others, and insist that the errors that children make should be cor- 
rected. (Kach individual should give a great deal of time after the 
first teaching to practice in his own individual weaknesses. ) 

7. The fraction examples tend to hold the same general position of 
relative difficulty throughout the four upper grades. 

8. The same types of errors tend to appear with the same relative 
frequency throughout these grades. 

9. Within the limits of this study, subtraction of fraction is the 
hardest process and is followed in order by multiplication and division, 
with addition perceptibly the easiest. 

10. Three to five kinds of types of errors or omissions account for 
84-90% of the errors children make in fractions in each process. 

11. Proficiency in fraction depends on: (a) making the first teach- 
ing adequate; (b) providing a proper maintenance program; (c) keep- 
ing careful records of the individual performance of each pupil; (d) 
careful practice by each pupil to overcome his own individual difficulties ; 
(e) the right kind of diagnostic material and the kind of remedial work 
to find out accurately what these individual difficulties are and to cor- 
rect them; and (f) frequent opportunities for diagnostic testing of these 
individual weaknesses. 


SUGGESTED PROBLEMS FOR FUTURE STUDY 


1. Failure to do cancellation as a function of the difficulty in multiplication 
and division. 
Failure to reduce to L. C. D. as a function of difficulty in addition and 
subtraction. 
3. Interference factors in the fraction processes and the best ways of re- 
moving them. 
4. Experiments on what to do regarding (or to remedy) the major types 
of errors in fractions. 
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Experiment on comparative difficulties of different denominators or dif- 
ferent combinations used in fraction processes, especially addition 
and subtraction. 

Extensive experiment on the nature of the whole-number difficulties in 
their relation to the fraction errors. 

Influence of the errors children make in whole numbers, by a pre-test 
given in these whole-number processes, upon errors made in various 
fraction processes. (An especially valuable Ph. D. thesis.) 

Fractions necessary to use in life, as obtained from a sampling of frac- 
tions used in each type of business. 

How best to make the study of fractions function in applying results 
obtained in Problem 8. 

Methods of obtaining a common basic fraction vocabulary for our course 
of study by analyzing the fractions used in textbooks and the 
methods of teaching the same, then reconciling or applying them to 
life problems in which fractions are used. 

Analysis of mistakes that occur in fractions by taking each type of 
error that occurs in this study and putting it in an example worked 
out to see what percentage of time children take to recognize this 
type of error. An attempt might be made to make a portion of this 
study by the case-book method. 

A problem which seems very important could be worked out with 
material used in this study. Errors made by each percentile. This 
would emphasize the necessity of remedial work for the lower tenth 
percentile, as most of the errors and no attempts would be made by 
them. Perhaps the most important thing would be the portion of 
the work not attempted by the lower tenth percentile and the re- 
lation of correctness to amount done. 

The correlation of errors children make in various fraction skills and 
the number of times such fraction skills are practiced in textbooks 
used. A controlled experiment. 
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COLLEGIATE COURSES ON HIGH SCHOOL SCIENCE 
TEACHING 


BY 
Bruce W. MERVIN 


Southern Illinois State Teachers’ College, Carbondale. 


One of the most interesting features of recent progress in the prep- 
aration of secondary-school teachers of science is the development of 
courses in special methods of teaching the various sciences. In order 
that the status of such courses and also the desirable content of such 
courses might be learned, a brief study was made. 

Science seems to have two major functions: first, to discover new 
ways of controlling nature so that it is possible to increase human hap- 
piness, if this word may be used; and, second, to spread the discovered 
knowledge so that all may benefit. Dr. Hall, the Illinois State Director 
of Public Health, recently pointed out that the loss of life in our state 
from typhoid and smallpox was tremendous, almost unbelievable as com- 
pared with many other states where the legislatures or people as a whole 
have been made aware of the value of vaccination and other preventive 
measures. In many other lines, too, the research worker is far ahead 
of the application of the results of his investigations. It seems that in 
the field of industry are to be found most of the efforts to apply new 
discoveries. 

The purposes of this paper are: first, to show that the conditions 
for the dissemination of scientific knowledge are being slowly improved 
by better preparing teachers for work in our secondary schools; and 
second, to show what items supplementary to subject matter are deemed 
essential in the training of those teachers. 


COLLEGES LISTED 


The Teachers Colleges of Illinois, Colorado, and Kansas, together 
with Peabody Teachers College, make a total of nine state teachers col- 
leges in this study. Eight state universities those of Illinois, Indiana, 
Missouri, Kansas, Michigan, Wisconsin, and Ohio, are taken as ex- 
amples of their class. The Kansas State Agricultural College furnishes 
and other point of view. Teachers College of Columbia University and 
the Education Department of the University of Chicago are included. 
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The list thus includes 20 institutions in which courses are given in 
methods of teaching science. A number of conservative colleges and 
universities like Harvard were found to offer no work of this nature in 
their Liberal Arts Colleges. 

There are 49 courses in methods offered by the 20 institutions 
studied. Of these, the teachers colleges offer 17 and the universities 19, 
while the other schools list the remaining 13 courses. Work in the 
physical sciences is three times as common as work in the biological 
sciences, as is shown by Table I. 


TABLE I 
OFFERINGS OF SPECIAL METHODS COURSES 
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Eight courses in biology method as compared to two each in botany 
and zoology method reflect the present tendency to combine and offer 
a course in general biology in the secondary schools instead of separate 
courses in botany and zoology. The result of high-school demands seems 
to be reflected in the 13 courses in general science method, the 12 courses 
in physics method, the 9 in chemistry method and the 3 combination 
courses. These show that provision is being made for the adequate 
training of high-school teachers of physical science. However, the en- 
rollment in these courses is still too. small to give all the prospective 
teachers a sufficient knowledge of method. While about 120 take the 
work each year in the University of Chicago and a somewhat less num- 
ber in the University of Wisconsin, there are some colleges with less 
than 10 taking the work each year. 


History OF COURSES 


As data were available on the colleges of Kansas for the past 60 
years, the development of special method courses is included. The 
Kansas University was the only one of the 21 colleges studied in 1900 
that offered a course in “Method of Teaching Physics.” That institu- 
tion also offered methods of teaching courses in botany, zoology, and 
entomology. By 1910, chemistry methods had been added, and from 
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that time there was a steady increase in the offerings. “Method 
Physics,” for instance, was offered by 8 out of 20 colleges studied in 
1920, 10 of 20 in 1925, and 8 of 15 in 1930. A similar growth is found 
in the case of biology method which started in the decade prior to 1900, 
increased until 6 of the 20 colleges listed it in 1920, and 8 of 15 in 
1930. 

It is interesting to note that biology seemed to supplement and later 
supplant the earlier courses based on botany, zoology, and entomology. 
There is also to be noted a considerable shift of the special method work 
to the department of education or to the training school. With this, 
there was a regular increase in the number of colleges offering such 
general courses as “Secondary School Methods.” Two colleges listed 
this work in 1910, 5 in 1920, and 13 out of 20 in 1925. 


QUALIFICATIONS OF INSTRUCTORS 


Of the 41 instructors studied, 14 were from state teachers colleges, 
13 from state universities, and 14 from Columbia University, the Uni- 
versity of Chicago, or the Kansas State Agriculture College. Of the 
state teachers college representation, 5 held the Ph. D. degree, 6 held 
the A. M. degree, and 3 held the M. 8. degree ; 10 of them were professors, 
1 an assistant professor, and 3 instructors. From the universities, 6 
held Ph. D., held Se. D., 4 held A. M., and 2 held A. B. degrees. Of 
these, 2 were professors, 5 associate professors, 4 assistant professors, and 
2 were teachers in training high schools. From the miscellaneous group, 
6 held the Ph. D. degree, 5 held the M. A. degree, 2 held the M. S. de- 
gree, and 1 held the B. S. degree. Of these, 4 were professors, 3 asso- 
ciate professors, 2 assistant professors, 1 instructor, 4 teachers of the 
training high schools. These men also have from 6 to well over 25 
years of teaching experience, usually including some on the secondary 
level. 

With 18 out of 41 holding doctor’s degrees and 16 ranking full pro- 
fessors, it appears that the work in science methods is offered by better 
trained men that the average college course. The instructors for these 
courses in both universities and teachers colleges very closely resemble 
each other in qualifications and experience. 


PREREQUISITES 


As nearly as could be ascertained, fifteen hours work in the science 
taught is the usual requirement, except in general science, where there is 
a tendency to require but ten hours of unspecified science. Five hours of 
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a related science and junior or senior standing are quite commonly 
prerequisite. In a few cases, as in the University of Chicago and the 
University of Illinois, actual teaching may be substituted for part of 
the collegiate work in the subject. Most of the teachers colleges and 
many of the universities in which the special method courses are offered 
in the education department require some work in education. About 
seven hours work including a course in general high-school methods is 
customary. 


Sources oF Data ON CONTENT 


Materials used in the following composite portrait of the content 
of courses in methods of teaching secondary-school science are based on 
the leading books on method of teaching high-school science and on 
articles appearing during the past two years in School Science and 
Mathematics, or during the past year in the Journal of Chemical Edu- 
cation. From these sources, 45 items that were mentioned in connection 
with science method were listed and submitted to a number of out- 
standing college teachers of high-school science method, who kindly 
rated them as essential, desirable, unnecessary, or undesirable. 

Those conversant with the literature of secondary-science methods 
will recognize some of the names in the following list, which includes 
only a few whose replies have been drawn upon: E. R. Downing, Uni- 
versity of Chicago; R. K. McAlpine, University of Michigan; W. G. 
Bowers, University of Colorado; J. H. Walton and Ira C. Davis, Uni- 
versity of Wisconsin; C. L. Cross and Howard W. Adams, Illinois State 
Normal University; E. L. Stover, Eastern Illinois Teachers College ; 
Charles F. Valentine and W. J. Bowers, Colorado State Teachers College. 


RESULTS OF QUESTIONNAIRE 


Selection of Subject Matter is considered essential by 80% of those 
replying, and desirable by the remainder. Aim, Function, or Values of 
the Subject and Selection and Purchase of Equipment are almost equally 
recommended. Preparation of Efficient Demonstrations is considered 
essential by 70% of those reporting. The Repair and Care of Apparatus; 
Use of Projective Apparatus, including Movie and Talkie; Evaluation 
of Texts; and Aim or Function of Laboratory are considered essential 
by almost as large a number. The Repair and Care of Apparatus would 
probably receive a higher standing if it were not included in other sci- 
ence courses, as it is in the University of Chicago. 

Slightly less essential are the following four items, which are con- 
sidered as essential by half of those reporting: Selection and Purchase 
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of Supplies; Lesson Plans; Student's Use of Notebook, Drawings, 
Graphs, etc.; Laboratory Technic. 

Five items which are usually given in connection with general 
method courses rank almost at the bottom of the list: Dewey’s Act of a 
Complete Thought; Supervised Study; Laws of Learning; Herbart’s 
Five Formal Steps, and Transfer of Training. 


CONTENT OF A COURSE IN METHODS OF TEACHING HIGH SCHOOL 
SCIENCE 


Selection of Subject Matter. 

Aim, Function, or Values of Subject. 

Selection and Purchase of Equipment. 

Preparation of Efficient Demonstrations. 

Use of Projecting Apparatus, including Movie and Talkie Machines. 
Repair and Care of Apparatus. 

Evaluation of Texts. 

Aim or Function of Laboratory. 

10. Student’s Use of Note Books, Drawings, Graphs. 

10. Laboratory Technic. 

10. Selection and Purchase of Supplies. 

10. Lesson Plans. 

16. Preparation of New Apparatus. 

16. Actual Teaching. 

16. How to Study. 

16. Use of Libraries, Bibliographies, Current Literature. 
16. Relation of Subject to Other Subjects in Curriculum. 
16. Standards of Good Class Work. 

19. Observation of Actual Teaching. 

21. Motivation and Interest. 

Technic of Review. 

First Aid in Laboratory. 

Laboratory Rules. 

Use of Excursions. 

Making Cultures, Solutions, etc. 

Spectacular Demonstrations. 

Technic of Questioning. 

Use of Objective Tests. 

Use of Standard Tests. 

History of Science. 

Concept Building. 

Ability of High School Students to Think and Respond. 
Free Literature on Subject, Government and Manufacturer. 
32. Free Demonstration Materials (incl. visual aids). 
32. Organization of Science Clubs. 

37. Types of Teaching. 

37. Teacher’s Use of Syllabi. 

37. Fallacies of Science. 

39. Dewey’s Act of a Complete Thought. 

39. Supervised Study. 

41. Posters. 

41. Oddities of the Subject. 

43. Laws of Learning. 

44. Herbart’s Five Formal Steps. 

45. Transfer of Training. 
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SUMMARY 


1. From this study it is shown that most of the leading teachers’ 
colleges and state universities are offering a number of courses on 
methods of teaching science in secondary schools. 

2. The marked development of such courses since 1900 is shown in 
the colleges in Kansas, which was taken as a typical state. 

3. Nearly one-half of the instructors of such courses were shown to 
be experienced and to hold full professorships and Ph. D. degrees. 

4. Prerequisite to the courses on methods of teaching a given 
science was found to be sufficient work in that science itself, in related 
sciences, and in the field of education, to warrant the assumption that 
those finishing such courses would be successful science teachers. 

5. The important items to be included in a course of this nature 
were listed, and ranked by a number of leading teachers of science 
method, in order that they might be made available for those who are 
organizing or giving such courses. 
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A STUDY OF DISCRETE REACTIONS 
BY 
L. V. PETERSON 
University of Illinois, Urbana. 


(Introduced by Coleman R. Griffith) 


It is now commonly known that the transmission of nervous im- 
pulses from one part of the body to another is not instantaneous. The 
bare statement of this fact does not dismiss reaction time as a possible 
field of investigation. To say that the nervous system takes time to act 
tells only a part of the facts, for there is left unanswered a variety of 
questions concerning the speed with which different kinds of stimuli are 
carried from receptor organs to effector muscles. Quickness is an 
attribute of the nervous system but is this degree of quickness affected 
by the simplicity or complexity of the stimuli, and if so to what extent. 

A cursory view of the field of reaction time makes it plain that 
there are four general types of reaction, namely: discrete, serial, con- 
fluent, and associative. The start of a dash man in track nicely illus- 
trates a discrete reaction. The runner has to react to but one stimulus 
and that is the firing of a gun. From the moment the gun is fired until 
the race is over he makes the same kind of movements. The football 
halfback is making a serial type of reaction when he is running with 
the ball in a broken field. He must run away from this man, pivot 
around another, and follow his interference. His behavior consists of a 
series of reactions to different discrete stimuli. A safety man in foot- 
ball makes a confluent reaction when he attempts to follow with his 
eyes the path of the kicked ball. Here the stimulus is always present 
and he must constantly try to keep track of it. Golfers do the same 
thing when they attempt to follow the flight of a driven golf ball. In 
either case any lapse in reaction to the stimulus is likely to result in 
losing sight of the ball. The fourth type of reaction namely, asso- 
ciative, is made when a subject responds to a list of words by giving 
their opposites or whatever they call to his mind. This type of reaction 
is frequently employed in so-called tests of intelligence and lists of words 
like the one prepared by Kent and Rosanoff. 

This paper is concerned only with discrete reactions which are, as 
illustrated, single responses to a more or less complex stimulus. Discrete 


reactions may in turn be divided into two groups namely, simple and 
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complex. The dash man’s response to the gun was a simple discrete re- 
action. A relay man makes a complex discrete reaction in receiving from 
his teammate a baton and then running his distance, Several stimuli 
occurring almost simultaneously start him on his course, while only one 
starts the dash man. The difference between simple and discrete reaction 
is the number of stimuli which prompt an individual to a single course 
of action. A question may now be asked as to which class of discrete 
stimuli an individual will react the more rapidly. 

A study of the discrete reaction of one-hundred and twenty Fresh- 
men in the Athletic Coaching School. All of the subjects, with two ex- 
ceptions, were tested by the same experimenter. All of the examinations 
were made between September 21 and November 20, 1929. 

The testing method and apparatus have been in use in the Labor- 
tories for Research in Athletics for some time. The technique has been 
developed through the experience of testing over four-hundred men and 
has been used by over thirty different experimenters. Dunlap’s reaction 
time apparatus is the one employed in the Laboratory. It is accurate to 
the nearest five-hundredth of a second. Auditory, visual, and tactual or 
muscular stimuli may be given by the apparatus. 

The following illustrates how the experiment was conducted upon 
each subject. After the apparatus was explained several practice trials 
were taken, so that the subject would understand and do what was ex- 
pected of him. The subject reacted by pressing on a finger response key. 
This permitted him to make a rapid reaction with a very small amount 
of movement. The first group of tests were of simple discrete reaction. 
Before every stimulus the subject was warned with the words “Ready! 
Now!” First a light was made to flash before the subject’s eyes to which 
he responded by pressing on the response key as quickly as he could. 
After five such trials his auditory and tactual times were tested. In the 
fourth and fifth tests the subject instead of tapping with his finger 
shouted into a voice key, which looks and operates somewhat like a 
microphone. The stimuli used were a loud click and a shouted word. 
These tests completed the simple reaction time examination. 

The tests of complex discrete reaction employed the same apparatus 
and stimuli as did the preceding tests. The first part of the complex 
group is called a test of simple choice. The subject was given any of the 
following stimuli in a chance order, a light, sound, or a pressure. The 
subject was warned before each stimulus in the usual manner, but he 
was not told what kind of a stimulus to expect. The test of complex 
choice came next. It is the same as the simple choice except that no 

warning signal is given before any stimulus. The selective test was the 
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next. In the first part the subject is to respond to light but not to a 
sound. In the second part he is to do the opposite namely, respond to 
the sound but not to the light. In both cases the light and sound are 
given in a haphazard order. The warning signal is given before each 
stimulus. The last part of this group is called the irregular test. In it 
the subject is warned of the coming stimulus but the stimulus does not 
come at any regular time after the warning. The stimuli are first a 
series of sounds and then a series of light flashes. 

In order to get a distribution of the above tests each man’s simple 
discrete reaction and complex discrete reaction scores were averaged 
separately. ‘Twenty-five samples made up the simple discrete reaction 
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average while ninety samples made the complex average. The resulting 
averages were then plotted. Each curve was beautifully near a normal 
distribution. 

When both curves are plotted on the same baseline there is some 
overlapping. However eighty-six per cent of the simple discrete scores 
reach or exceed the median of the complex distribution. Thus statisti- 
cally simple reaction is shown to be significantly faster than the complex. 
The arithmetical average of the simple reaction is 82/500ths of a second 
while the average of the complex distribution is 97/500ths of a second. 
The difference between the two averages is significantly different. 
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A question arises as to whether the fastest men at the simple reac- 
tion are the fastest at the complex reaction. According to the principle 
of organic quality the fastest men in one group should be among the 
fastest in the other. This was found to be true. The coefficient of cor- 
relation between the two groups was a positive .70 and the probable error 
was +.061. 

From the study the following suggestive conclusions were drawn: 

1. That individual differences exist between simple and complex 
discrete reaction. 

2. That individuals are slower in responding to complex discrete 
stimulation than they are in reacting to simple discrete stimulation. 

3. That the probabilities are in favor of the fastest reactors to a 
simple discrete stimulus being among the fastest reactors to a complex 
stimulus. 

4. That coaches can make use of these results by simplifying foot- 
ball charging signals to secure faster charging teams. 
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PREDICTING THE COLLEGE SUCCESS OF STUDENTS 
AT THE UNIVERSITY OF CHICAGO 
BY 
EDWARD FREDERICK POTTHOFF 


University of Illinois, Urbana. 


Studies have shown that discouragingly large numbers of students 
who are admitted to college by methods of selective admission fail in 
their college work. The study reported in this paper was undertaken 
with the purpose of analyzing the effectiveness of certain methods which 
are, or might be, used in the University of Chicago in selecting high- 
school graduates who are to be admitted to college. 

The methods of selection under examination aim to anticipate suc- 
cess or failure in college work by reference to the following items: 
capacity to learn; earlier achievement, or educational background; and 
certain character traits. A statistical study was made of the entering 
class of 1924 at the University of Chicago. Analyses of individual 
cases were also made of members of this class and of other classes in 
order to verify and amplify the conclusions reached in the statistical 
study. 

At the time of their matriculation, the members of the entering 
class of 1924 were given the Psychological Examination which is issued 
by the National Research Council Committee on Personnel Research. 
The score which a student made on this test was used as a measure of his 
capacity to learn. The student’s high-school average was employed as a 
measure of his earlier achievement, and his average grade for the first 
two years of college work was used as a measure of his college success. 

The validity of certain methods of selective admission was in- 
vestigated by using the records for the class at the University of Chicago 
in order to determine the following facts: first, how many students 
who failed in their college work would be denied admission if a given 
method of selection were employed; second, how many students who 
were successful in college would not be admitted. Obviously a satis- 
factory method of selection should bar from college as large a number 
as possible of students likely to fail, and as small a number as possible 
of students likely to sueceed. 

The validity of the requirement that a certain minimum psycho- 
logical score be made in order to secure admission to college was 


determined in the manner just described. The study showed that no 
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matter what psychological score might be required for admission, a large 
number of failing students could be barred from the University only if 
many successful students were denied admission at the same time. If 
the psychological score required for admission were placed low enough 
to bar only a negligible number of successful students, the number of 
failing students barred would also be small. 

In order to secure admission to the University of Chicago, each 
member of the entering class of 1924 was required to have an average 
grade of at least 81.25 in his high-school subjects, the grade of 75 being 
considered the passing mark of the school. This class, therefore, con- 
tained no students with high-school averages below 81.25. The study 
showed that a fairly large number of successful students would be 
barred from the University if any average higher than 81.25 were re- 
quired for admission. The high-school average did not, at any point, 
distinguish sharply between successful and failing students. 

While admission to college is sometimes determined by making use 
of the psychological score alone, or of the high-school average alone, it is 
possible also to combine these two methods. One way of effecting the 
combination is to construct a regression equation in which both the 
high-school average and the psychological score are used to predict the 
college average. It is then possible to require of a student that his 
records justify a certain minimum predicted college average. The extent 
to which such a procedure would actually select successful college stu- 
dents was determined by finding out how many successful students, and 
how many failing students, it would bar from the University. The re- 
sults showed that no matter what predicted college average might be 
required for admission to college, a large number of failing students 
could be barred only if many successful students were denied admission 
at the same time. If a sufficiently low predicted college average were 
required for admission, a negligible number of successful students would 
be barred, but the number of failing students who would be denied ad- 
mission would also be small. 

A comparison of the average grade which a student made during 
his first quarter of residence at the University of Chicago with his 
average grade in the first two years of college work showed that the 
average for the first quarter constituted, in most cases, an accurate in- 
dication of success or failure during the longer period. Those who made 
low averages during the first quarter were very likely to continue doing 
so, some students with a low first-quarter average having only one 
chance in twenty for ultimate success. To require that a certain 
minimum first-quarter average be made in order to continue with col- 
lege work would remove from the University a fairly large number of 
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students who have failing averages for the two-year period and a very 
small number of students who ultimately succeed. 

Reference has already been made to the ineffectiveness of the high- 
school average in distinguishing between successful and failing students. 
The method of anticipating success or failure in college by reference to 
earlier achievement was investigated further by making analytical 
studies of individual students who failed in college work. These 
analyses were made with the following purposes in view: first, to dis- 
cover any deficiencies in the student’s elementary-school and high-school 
training ; second, to find out the causes of the deficiencies ; and, third, to 
determine the effect of the deficiencies upon success in college work. 
The facts were obtained by interviewing the unsuccessful student, admin- 
istering to him appropriate tests, and consulting available records of his 
school work. 

The analyses revealed the following deficiencies in the students’ 
earlier training: slow rate and poor comprehension in reading; in- 
ability in arithmetic and English composition ; inadequate foundation in 
history, algebra, and foreign languages; and poor study habits. The 
high-school average, in almost all cases, gave no direct indication of the 
presence of these shortcomings. The deficiencies were caused by the 
following factors: shifting frequently from one school to another; being 
absent from school frequently or for long periods; skipping grades; re- 
ceiving poor instruction; and failing to devote the necessary time and 
effort to school work. 

Deficiency in earlier school work was found to be a direct cause of 
failure in college. Success in college courses depends upon certain skills 
and backgrounds which should be supplied by the earlier training. Read- 
ing, English composition, and methods of study are employed in prac- 
tically all college courses; arithmetic, algebra, history, and foreign 
languages serve as foundations for many phases of college work. Be- 
vause of these relationships, students whose earlier schooling was 
deficient experience difficulty in college work. 

The results of these analytical studies made it clear that plans of 
selective admission should take into account the factors mentioned. 
Marked deficiencies, sometimes present in the student’s earlier training, 
are directly related to failure in college. Consequently, a knowledge 
of these deficiencies in any individual case is very valuable in predicting 
success or failure in college work. 

The remainder of the investigation was concerned with three 
methods of selective admission which aim to anticipate success or failure 
in college by reference to certain character traits. These methods of 
selection assume that college success depends in part upon sufficient appli- 
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cation and persistent devotion to studies. The methods differ as to the 
manner in which the strength of the traits is estimated. 

An applicant for admission to the University of Chicago must secure 
from one of his high-school teachers a statement describing his character 
traits. This statement is used, together with other data, in deciding 
whether or not the applicant shall be granted admission to the 
University. 

The validity of this method of selection was determined by com- 
paring the statements made for students who succeeded in college work 
with the statements made for those who failed. The comparison showed 
that students who failed in college were frequently characterized by 
their high-school teachers in just as favorable a manner as were students 
who succeeded. This method of selection, therefore, admitted to the 
University certain students who were expected to succeed but who really 
failed. 

The misleading character of the teachers’ statements was found 
to be due to the following factors: In the first place, the teacher had 
been so strongly impressed by some outstandingly favorable trait which 
the student possessed but which had no direct influence upon college 
success that the teacher overlooked, or underestimated, the unfavorable 
traits which led to failure in college work. Second, in estimating the 
student’s traits, the teacher employed standards which were too low, 
so that a student who was thought to possess sufficient amounts of the 
traits to succeed in college failed because his traits were, in fact, too 
weak. In the third place, the teacher had not had sufficient contact with 
the student to make accurate estimates of his traits. Estimates in such 
cases were often unduly favorable. 

An applicant for admission to the University of Chicago must 
supply certain information relative to the extent to which he has been, 
and will be, dependent upon himself for support. It is assumed that 
the facts relative to self-support furnish some indication of the appli- 
cant’s character traits, but the exact value of such information in 
selective admission has been uncertain. Because of this uncertainty, 
analytical studies were made of individual students who supported them- 
selves by working while attending college, or who worked for one or 
more years after graduating from high school before entering college. 
The purpose of these studies was to determine the effect which the 
activities of earning a living before or after college entrance had upon 
college success. The necessary facts were obtained by interviewing the 
students and their college instructors, and by consulting the college 
records. 
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The studies showed that most of the students who were earning 
their entire support had done so for many years, and had faced hard- 
ships in order to secure an education through their own efforts. They 
labored under conditions so adverse that only the most persistent and the 
most seriously intentioned tended to survive. They realized the value of 
a college education and were genuinely interested in intellectual pur- 
suits. Some of the self-supporting students, however, failed in their 
college work because they devoted too little time to study and too much 
time to gainful employment. Others failed because they engaged in 
occupations which required frequent and unexpected interruptions to 
their study or undue strain upon their physical capacities. A few self- 
supporting students were interested chiefly in social or athletic activities 
and not in securing an education. 

It was evident that the mere fact of self-support is not a certain 
indication of success in college work. The relationship between self- 
support and college success varies with the nature, extent, and purpose 
of the activities which self-support involves. Consequently, all of the 
detailed facts must be discovered and analyzed for the individual stu- 
dent if they are to be employed effectively in selective admission. 

An applicant for admission to the University of Chicago must sup- 
ply information relative to the nationality, cceupation, and education of 
his parents. It is assumed that these facts may have some bearing upen 
the fitness of the applicant to undertake college work, but the exact value 
of such information in selective admission has been uncertain. A statis- 
tical study showed that neither the nationality nor the occupation of the 
father was closely related to the student’s college success. The study 
did show that students whose fathers were college graduates were much 
more likely to succeed in college than were the offspring of non-graduates. 
The advantages which the children of college graduates have in under- 
taking a higher education were determined by making analyses of the 
facts for individual students. 

The studies revealed the following facts: The influences exerted 
by the college-bred parent and by the home environment were such that 
the student developed genuine intellectual interests, a strong realization 
of the value of a college education, and an unusual desire to succeed 
in college work. The student aspired to academic honors and achieve- 
ments because his father had attained them. The parents supervised 
the development of the student’s study habits, and assisted him with his 
earlier school work in such a way as to provide him with an adequate 
background for the pursuit of college work. 
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The favorable influences which these college-bred parents exert upon 


their children are not necessarily present in every home which is estab- 
lished by a college graduate, nor are all of these favorable influences 
absent in the home of a non-graduate. The presence or absence of such 
influences must be determined by analytical studies of individual cases. 
Because these studies are helpful in anticipating success or failure in 
college work, they may be used in selective admission. 
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INFLUENCE OF TRAINING ON ABILITY TO 
SUMMARIZE 
BY 
Lois Watt 
Illinois State Normal University, Normal. 


The importance of summarizing has been emphasized again and 
again in practically all textbooks on methods of study. Whipple, in How 
to Study Effectively, says: 

“Form the habit of mentally reviewing every paragraph as soon as you 
_have read it. A properly constructed paragraph centers about one thought 
which may usually be epitomized in a single sentence or even a single phrase. 
Make sure that you can ‘tease out’ this thought. This habit of mentally 


summarizing by paragraphs might well be developed by teachers in the 
grade schools.” 


Germane and Germane, in Silent Reading, repeatedly stress the 
worth of summarizing and declare: 
“One of the fundamental aims of teachers in charge of seventh and 


eighth grades, and even of high-school classes, should be to train pupils in 
making outlines and in writing concise summaries of lessons and lectures.” 

C. C. Crawford, in Methods of Study, presents a most clear and 
scientific discussion of the value of summarizing. He says: 

“Boiling down ideas to a few words is a practical test of your under- 
standing of the material.” 

“Students frequently have difficulty in applying themselves efficiently to 
the study of the text book lesson after it has been fairly well learned. 
Repetition of the same methods ceases to add very much in the way of ad- 
ditional mastery. Several things, however, can be done to make the con- 
tinual application of time fruitful. You may focus your attention on those 
parts of which you know least; you may devote specific study to the parts 
previously underlined; you may make an outline if none was previously 
made, or if an outline was made you may check over and revise it.” 

“It would be well, however, for you consciously to apply the principle, 
that studying a textbook chapter by one method is subject to the law of 
diminishing returns, and that in order to get the most return for your time 
it is necessary to change the method of procedure after a reasonable amount 
of time has been devoted to the task.” 


Many similar statements were found in an examination of a large 
number of standard texts on How to Study. The student is lead to ex- 
pect by inference or direct statement that he has only to be willing to 
summarize in order to secure superior results. Summarizing is painted 
as the primrose path to education. 
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Recently, however, a number of psychologists have begun to ques- 
tion the value of this emphasis on summarizing. Charles E. Germane 
has tried many experiments in his effort to put this problem on a scien- 
tific basis. In one of his tests a group of children was divided into two 
groups of nearly equal comprehension ability. Each group spent thirty 
minutes in studying a seven-page article, and at the end of that period 
both groups were subjected to the same rigid test. Group A, the sum- 
marizing group, was told to read the article once and then on a form 
supplied them to write the main ideas of each paragraph. The B, or non- 
summarizing group, was told to read and reread the article as many 
times as they wished in the time allotted. In the test given at the end 
of the 30-minute period two types of questions were asked, “reason” 
questions and “memory” questions. The results of this test showed that 
re-reading was more economical than the written paragraph summary 
when each group was given an equal period of study. This conclusion 
was substantiated by a recall test given eight weeks later.’ 

Three groups of Germane’s experiments deal with the Value of the 
Controlled Summary as a Method of Study.? In the first group of these 
experiments the summarizers were asked to read the article once and 
then study the selection farther by finding and writing out answers to a 
list of questions given them at the end of this first reading. The non- 
summarizers were told to re-read the article as often as possible in the 
given time. At the end of the 25 minutes both groups were tested on 
the questions that the summarizers had used during the study period. 
Results of this test showed that the summarizers excelled from 5% to 
26%. 

In the second group of experiments, conducted in the sixth and 
ninth grades, the summarizing group was given summary questions at 
the beginning of the hour. They studied these questions as they read 
the article once, and then wrote out the answers. At the end of the 
study period both groups were tested as before, and the results showed a 
superiority for the summarizers ranging from 0% to 17%. 

In the third group of this series of experiments Germane made tests 
on the value of the controlled mental summary. For this experiment 
the summarizers were told to read the article once. They were then 
allowed to spend the remainder of the period in finding answers to given 
questions and were instructed to retain them mentally, not to write 
them. Non-summarizers were to proceed just as they had done in the 
other experiments. The results showed that the summarizers excelled 
by 30.5%. Evidently omitting the writing of the answers was an im- 
provement. 


1Germane, Charles E. “Value of the Written Paragraph Summary,” Jour. Ed. 
Research, 3 :116-—23, 1921. 


? Ph. D. Thesis, Chap III (not published). 
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It will be noticed that in all of these tests both groups were given 
the same amount of time for study. It also seems to be important, for 
purposes of interpretation, that in the controlled summary tests the 
questions used for examining both groups were the same as those that 
the summarizers used during the study period, and hence one would 
expect the summarizers to excel. Conclusions of Germane’s tests have 
seemed to show that re-reading is a more economical method of study 
than the written paragraph summary when both groups are given equal 
study time. They also show that placing in the hands of students a set 
of questions, the answers to which constitute a summary, increases the 
relative efficiency as compared with re-reading. 

Observations of these tests also brought out some facts that seem to 
me pertinent to the problem. Above all else, Germane observed that the 
pupils did not know how to summarize. They wasted time on words 
and showed an inability to differentiate between the essential and the 
non-essential. 

Professor H. A. Peterson, of the Illinois State Normal University, 
in experiments in elementary psychology classes, also found that the 
non-summarizers excelled the summarizers. In his experiments he al- 
lowed each member of each group to take all the time needed, but in 
figuring results the scores were reduced to a 20-minute basis. Results for 
the fall term of 1927 were: for the non-summarizers, 189 points aver- 
age score per 20 minutes; and for the summarizers, 159 points. An ex- 
amination of the results of these experiments leads one to ask whether, 
in spite of all the textbook urgings, students have been taught to sum- 
marize even by the time they reach the freshman year in college. 

The purpose of this experiment was to measure the effect of train- 
ing on the ability of high school juniors to summarize. The parallel 
group method was used. To form these groups a test was given to 4 
junior literature class in the University high school of the Illinois State 
Normal University on a six-page article on “The Rise of the Monastic 
Orders in Western Europe,” taken with modifications from Emerton’s 
“Introduction to the Middle Ages.” It was intended to be a test of the 
pupils’ ability to comprehend and summarize what they read. Twelve 
minutes were allowed for study of the article and eighteen minutes for 
a written essay summary. Results of this test are shown in Table I. By 
pairing these pupils two groups of nine members each were obtained. 

One of these groups was taught by a competent student teacher and 
continued with its literature work in the ordinary manner. When the 
tests were given, this group constituted the control or non-summarizing 
group. The other group was taught by the author and covered the same 
literature work. However, the teacher of this group emphasized sum- 
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marizing. During the 26 days that the experiment was carried on, this 
group had an average of 11 minutes’ training each day in formal sum- 
marizing. This training was given in many different ways. At first there 
was no emphasis placed on the time element. Sometimes, as part of the 
outside assignment, students were asked to write in one paragraph the 
thought of a chapter of the assignment. In all of this summarizing, 
stress was placed on the economy of using the right word. Often in class 
various pupils were asked to summarize a paragraph. Their summaries 
were written on the board and compared, being judged on the basis of 
comprehension and condensation. At other times the summarizing was 
oral. Pupils were also shown the value of checking or underlining im- 
portant words or phrases during first readings. 

Table II shows the results of the first test, which was given to the 
two groups on November 4, 1929, after the summarizing group had had 
only 8 days of training. The material used for this test was a six-page 
article on “Peanut Growing For Profit,’ taken from Peterson’s “Ex- 
periments in Educational Psychology.” Grades were based on the 
answers to the questions accompanying this text. The scores in the table 
are the averages of two scorers. For this test the non-summarizing 
group was instructed to refrain from summarizing during study of the 
article. They were told to take all the time needed but to remember to 
use study time economically since all scores were to be reduced to a 
20-minute basis. The study time of each pupil was recorded in minutes 
and seconds by an electric stop-clock. The summarizing group was told 


TABLE I 
FORMATION OF EQUIVALENT GROUPS! 


Based on “Monasticism” 


Pupil | Seore Pupil Score 

i ae , 12.33 || J. N.. 11.21 
; , : BE. ee 11.4 
ee : ; 10.4 M. S.... ; 9.6 
_ * Sen 10. Cc. B 10.45 
| >) ae 9.45 || M.C 9.69 
i, aoe . 8.54 H.R 8.54 
M. E. R.... 7.25 || L. M es 6.33 
ft ee 4.12 H. P.. A 6.8 
| A SG i, ee Ge... 1.66 
—__+—- -|} - —— 

Average...... 8.31 | Average 8.41 


1The scores in the table above are the averages of two scorers. Essay repro- 
ductions of the material studied were required. Papers were scored for excellence 
of condensation and for number of points reproduced. Then the two were aver- 
aged. The test was given October 4, 1929. 
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to read the article once and then to summarize the material with the 
text before them. Both the reading time and the summarizing time of 
each pupil were recorded. Scores of each group were reduced to a 
20-minute basis. 

In this first test the non-summarizers excelled the summarizers, the 
latter making a score of 103.8 and the former a score of 109.6 per 
20-minute period. Also the non-summarizers spent only about 5/6 as 
much time as the summarizers. The summarizers spent about a third 
of their time in summarizing the article. 

A second test was given December 6, 1929, after 24 days of train- 
ing. The material for this test was taken from Bowman’s “South 
America.” The article used was entitled “The Incas.” It was about the 
same length as the other articles used. Grades were based on answers to 
questions. These questions were made out by Professor Peterson and the 
author. They were intended to test the student’s ability to comprehend 
and summarize. Results are shown in Table ITT. 

Here the summarizing group excelled the non-summarizing group 
by a score of about 121 to 115 per 20-minute period. This indicates a 
decided gain in ability to summarize as a result of training. A compari- 
son of the two tables also shows that the summarizers had learned to be 
far more economical in their use of time. In the first test the sum- 
marizers spent more time in the study of the article than the non-sum- 
marizers did, while in the last test the average total study time for the 
two groups was practically the same. Also in the first test the sum- 
marizers spent 31% of their time in summarizing, but in the last test 
they spent only 19% of the total study time in summarizing. 

These groups were too small and the number of tests was too few to 
make this experiment thoroughly scientific. The results need confirma- 
tion by further experimentation. Nevertheless, they seem to suggest 
that with training summarizing can be made to pay. From the experi- 
ments of Germane and Peterson and the author’s first test, one is al- 
most forced to believe that students have not learned to summarize even 
by the time they have reached the university, and also it seems con- 
clusive that untrained summarizing is not profitable. However, after 24 
days of training these high-school students were able to excel the non- 
summarizing group by an average 20-minute score of 121 to 115 and to 
bring their average study time down to equal that of the non-summar- 
izers. This shows that they had learned time economy. These experi- 
ments seem also to suggest that the statements in the text-books on 
“How to Study,” while on the whole correct, need revision. Such texts 
should recognize the law of diminishing returns and should point out to 
the student the need of specific training in summarizing. 
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INDIVIDUAL DIFFERENCES IN THE ESTIMATION 
OF TEMPORAL INTERVALS 


BY 
HERBERT WoopROW 


University of Illinois, Urbana. 


For the past year and a half the writer has been trying to find out 
the facts with respect to a rather classical experiment in the field of 
time-perception ; namely, the reproduction of empty temporal intervals 
bounded by instantaneous sounds. Approximately two seconds follow- 
ing a high-pitched warning signal, the subject hears a dull click, fol- 
lowed after an interval by another click of exactly the same loudness 
and quality. He then carries out the instructions to reproduce the in- 
terval which has been sounded, by making two taps upon a key, en- 
deavoring, without the aid of counting or any intentional rhythmical 
movements, to make the interval between his two taps exactly the same 
as the stimulus-interval. 

As the result of several somewhat distinct series of investigations, 
involving to date the measurement of each of over 20,000 reproductions 
as well as the measurement of the corresponding stimulus-intervals, the 
answer to certain questions has been established within rather close 
limits. In particular it has been possible to secure dependable and 
definite results concerning the variability of the subjects’ reproduction, 
that is, upon the matter of keenness and upon the question of how 
keenness varies with the duration of the stimulus-interval. These re- 
sults show that on the average the interval reproduced most accurately 
(with lowest relative variability) is three-fifths of a second. Accuracy 
decreases beyond this interval up to about four seconds, beyond which 
point it remains approximately constant. 

This paper will not, however, deal with these data concerning 
variability or keenness, but with the constant errors. By a constant 
error, is meant, of course, the difference between the average of a set of 
reproductions and the length of the stimulus-interval that was repro- 
duced. In the case of the constant errors, individual differences were 
both very striking and very troublesome. 


1For a full account of this work, see “The Reproduction of Short Temporal 
Intervals,” by H. Woodrow, Journ. of Exper. Psychol., XIII, 1930, No. 6. See also 
the writer’s article on “Behavior with Respect to Short Temporal Stimulus-Forms,” 
Journ. of Exper. Psychol., XI, 1928, pp. 259-280. 
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The first investigation, with eight subjects, was a rather lengthy 
one in which each of 13 intervals, varying in lengths from 1/5 see to 30 
sec, was reproduced 100 times (the stimulus-interval being given before 
each reproduction). The key upon which the subjects tapped, while 
noiseless in itself, was so connected as to reproduce a sound identical 
with that used to bound the stimulus-interval. In this investigation a 
subject worked with only one interval on any given day. Beginning with 
the shortest interval, 1/5 sec, each successive day a longer interval was 
used, up to 30 sec, after which the intervals were shortened daily until 
on the last day the work closed with the same interval with which it 
began. All intervals were controlled by instruments of high precision 
and were measured in thousandths of a second by a Hipp’s chronoscope. 

In this investigation, contrary to what one would expect from the 
existing literature, no indifference interval was revealed, i. e., no interval 
was found below which intervals would be overestimated and above which 
they would be underestimated, but on the contrary, each interval was 
found to be overestimated by some subjects and underestimated by 
others, the tendencies toward overestimation and underestimation being 
about evenly divided between the eight subjects in every case. Some 
subjects underestimated short intervals and overestimated long ones. 
Some did the reverse. Some varied from overestimation to underestima- 
tion irregularly with change in the length of the interval. Some sub- 
jects overestimated all the intervals. The same subject sometimes over- 
estimated an interval on one day to a statistically reliable degree, and 
underestimated it on a different day. It would follow from the above 
facts that there is no such thing as an “indifference point” (so far as 
results by this method are concerned) that has significance for subjects 
in general. Even taken individually, for at least half of the subjects 
used, it would be impossible to determine an indifference point—either 
because their constant errors were of the same sign throughout or be- 
cause they fluctuated in sign irregularly over all or a large part of the 
range of intervals used. 

Now, as a further check on these findings, a second experiment was 
made on a group of 32 other subjects, using only two intervals, one 
short and one long, respectively, 3/5 see and 4 sees. This experiment 
differed from the preceding ones, it should be noted, not only in the 
larger number of subjects, but also in the fact that the subjects never 
advanced beyond an initial stage of practice and in that the influence, 
if any, of the other intervals in the series was in the present instance 
practically eliminated, as it may not have been in the first investigation. 
The results now obtained fully confirm the findings first obtained with 
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regard to the interval 3/5 sec, since the constant errors of the various sub- 
jects were distributed rather symmetrically about zero, 17 of them being 
overestimations and 15 of them underestimations. With the 4 see inter- 
val, however, the finding of as much overestimation as underestimation 
was not fully verified, since 34 of the subjects were now found to show 
underestimations. A curious result not noted in the first experiment 
was that when the subjects were asked afterwards whether they thought 
they had made the intervals too long or too short, a majority of them 
promptly replied “too short”—this in spite of the fact that they had 
been instructed to make their reproductions of such length that would 
seem exactly equal to the standard. This curious result indicates that 
the subject’s impression of the length of an interval which he is in pro- 
cess of reproducing is different from his impression of one that he views 
in immediate retrospect. An interesting problem for further work will 
be to determine whether any considerable proportion of these subjects 
who at the end of the sitting report that they have made the intervals 
too short would with practice lengthen their reproductions so as to get 
rid of this impression. It would seem natural that practice would have 
this effect. If so, it would mean that practice might easily change the 
proportion of subjects underestimating the 4 sees interval from 34 to 
14 or less, and thus bring the data into line with those of the eight 
subjects of the first investigation who acted as subject day after day, 
for twenty-six days, reproducing each day a different interval. 

Whatever be the explanation of the discrepancy between the dis- 
tribution of individual differences in the experiments reported, and this 
may of course be due simply to the small number of subjects used, it re- 
mains true that even in the case of the longer intervals as well as of the 
shorter there exists no dependable tendency upon the part of all subjects 
to overestimate or underestimate. While there may be a greater prob- 
ability of underestimation of a long interval than of its overestimation, 
the conclusion seems clearly indicated that whether an interval is over 
or underestimated depends greatly upon the attitude of the subject 
during the experiment. 

In confirmation of this conclusion very decided results have been 
obtained from still another experiment conducted in order to test it. 
Two sets of instructions were drawn up, modeled after the introspective 
reports of some of the subjects in the preceding experiments. The in- 
structions were somewhat complex, but the main point was that in one 
case the subject was to listen to the sounds as a pair of sounds in the 
case of both the stimulus and the response interval and to avoid strain; 
while in the other he was to listen passively to the interval between the 
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stimulus sounds, being sure to note the interval between the sounds 
rather than the sounds, while in reproducing he was to fill the interval 
with strain. We may label the former instructions auditory, and the 
latter, strain instructions. In the case of both the short interval of 
3/5 see and the long one of 4 secs it was found that the strain instruc- 
tions resulted in a reliably longer reproduction than the auditory in- 
structions. With 10 subjects, only one somewhat unreliable exception 
occurred, this with the 3/5 sec interval. The auditory instructions did 
not always produce underestimation nor the strain instructions over- 
estimation, but on the average the strain instructions caused the repro- 
ductions to be 60 thousandths longer (in the case of the 3/5 of a sec 
interval) and 762 thousandths longer in the case of the 4 sees interval. 

The varieties and subvarieties of attitudes which subjects may take 
in such a simple experiment as the reproduction of the interval between 
two taps is bewildering. It is not contended that the difference in at- 
titude here described is by any means the sole difference in attitude be- 
tween subjects who overestimate and those who underestimate. Indeed, 
this could not possibly be the case. What the present experiment proves 
is simply that these attitudes may be extremely influential, and suffi- 
cient in some cases to determine whether a subject’s reproductions will 
show great overestimation or great underestimation. In general the con- 
clusion seems safe that whether any interval, long or short, is over- 
estimated or underestimated depends upon what attitude the subject 
takes, and that for any length of interval some subjects will take at- 
titudes that lead to overestimation and others attitudes that lead to 
underestimation. 
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THE ROLE OF HEAD MOVEMENTS IN THE 
LOCALIZATION OF SOUND 
BY 
PauL THomMas YOUNG 
University of Illinois, Urbana. 

Under the normal conditions of daily life, sounds are heard as 
right, left, above, below, and in other positions. The head is ordinarily 
in motion and these head movements change the binaural pattern of 
stimulation. If head movements could be completely ruled out of the 
picture, what would result ? 

To study the role of head movements in sound localization the pin- 
nae were acoustically detached from the head by means of tubes and 
trumpets, and fastened to a frame of reference independent of the sub- 
ject. The arrangement guaranteed that head movements would not 
change the pattern of acoustic stimulation as they normally do. 

When effective head movements were ruled out of the experimental 
conditions the total auditory field was restricted to a semicircular are 
entirely outside of the visual field. The plane of this are was generally 
horizontal, but individuals differed, and it was sometimes vertical or in 
an intermediate position. The subjects were able to discriminate right 
and left and intermediate directions with moderate ease and objective 
reliability, but such distinctions as up, down, front, back, ete., did not 
exist. 

Inasmuch as normal sound localization has an unrestricted tridi- 
mensional field coextensive with visual-tactual space and since diserim- 
inations other than mere right and left may be made in a manner 
superior to chance, it is assumed that changes in the stimulus-pattern 
produced by head movements are the direct conditions of the unrestricted 
tridimensional type of sound localization. 

A test of the hypothesis may be found in an experiment with the 
reversing pseudophone in which right and left ears were acoustically in- 
terchanged but the artificial ears still moved with the head as under 
normal conditions. Apart from a complete right-left reversal of auditory 
space the localizations resembled the normal type. The auditory field 
was of an unrestricted type and discriminations of front, back, up, down, 
etc., were possible. 

The study indicates that head movements are responsible for re- 
liable localization in an unrestricted, tridimensional space. When con- 
ditions are such that head movements can not change the stimulus-pat- 
tern, the auditory field is greatly restricted and objective reliability is 
limited to two dimensions. 




















BENEFITS OF MEMBERSHIP IN THE ACADEMY OF SCIENCE 


The chief benefits derived from membership in the Illinois State 
Academy of Science are: first, the help and inspiration to be gained at 
the meetings; second, the receipt of the Transactions; third, the oppor- 
tunity for presentation and publication of papers; and, fourth, the ac- 
quaintance and friendship of other scientists in the Academy. 


More than eight hundred men and women, representing both the 
professional and amateur classes of scientists in Illinois and other states, 
are now enrolled as members eligible to receive these benefits. 


A cordial invitation to join the Academy is extended to teachers, 
students, research workers, and others who are interested in any phase 
of science. Members are urged to extend this invitation to their friends 
and acquaintances, and to send the names and addresses of prospective 
members to the chairman of the committee on membership. 


The Academy is experiencing a period of growth and expansion. 
Over two hundred new members were added last year. The present aim 
is to continue this growth and to extend the influence and activity of 
the organization so as to unify all of the scientific interests of the state. 
Special advantages are offered to science clubs and other associations 
through affiliation with the Academy, which in turn is affiliated with the 
American Association for the Advancement of Science. 


Application for membership is made most conveniently by use of 
the form given below. This form should be mailed to the Treasurer, 
Dr. George D. Fuller, at the University of Chicago. It should be 
accompanied by a check or money-order for two dollars (one dollar for 
admission fee and one dollar for annual dues). Applicants who are 
members of the A. A. A. S. or of a society affiliated with the Academy are 
not required to pay the admission fee but should send one dollar for an- 
nual dues. 

P. K. Houpex, Chairman, Committee on Membership. 


The Illinois State Academy of Science 
APPLICATION FOR MEMBERSHIP 


(Please print or typewrite your name and address) 








I desire to become a j oo setae t member of the State Academy of Science. 
Name Degrees 

City Street 

Occupation Favorite Science 





Institution or firm 





Proposed by 








Local members are those who are members of the Academy only. National 
members are those who are members also of the American Association for the 
Advancement of Science. Any officer or member is qualified to propose your 
name upon receipt of this application. 
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